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DELIVERY OF PHYSIOLOGICAL AGENTS WITH IN-SITU GELS 
COMPRISING ANIONIC POLYSACCHARIDES 

REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of, and claims priority to co-pending U.S. 
Utility Application Serial Number 09/795,987, filed February 28, 2001, the disclosure of 
which parent application is hereby incorporated herein in its entirety by this reference. 

BACKGROUND OF THE INVENTION 
A variety of polymer-based drug delivery systems for achieving sustained or 
controlled drug release have been described {See Langer, Nature, 392 (supplement), 5-10, 
1998 and references therein). The goal of many of those systems was typically one or 
more of prolonging drug release, improving drug bioavailability, and/or providing non- 
injectable drug delivery systems that improve patient compliance and comfort. The 
polymers, either synthetic or natural, provide delivery of the various agents by various 
mechanisms, depending on the properties of the polymer. 

The polymer-based systems have been variously formulated as, for example, a 
liquid, a suspension, an emulsion, a powder comprising microparticle and/or microspheres, 
a film, or a tablet. The compositions have been administered via various routes or 
methods, including injection, topical administration, or administration to a mucosal surface 
of the eye, vaginal, anus, stomach or intestines, oral and nasal cavities, or the lungs. The 
polymer-based systems have been used to deliver a variety of physiologically active agents, 
including therapeutics and prophylactic agents, including small molecule- or protein-based 
drugs, nucleic acids, polysaccharides, fatty acids and esters, cells and fragments thereof, 
viruses, and vaccines for prevention of infectious diseases. 
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In-situ gelation has been used in pharmaceutical drug delivery systems and involves 
gel formation at the site of application to a tissue or body fluid after the composition or 
formulation has been applied, so as to form a bioadhesive gel to modulate the release of the 
drug from the gel. In some applications, In-situ gelation permits the drug to be delivered in 
a liquid form. 

Polymers capable of in-situ gelation have been described, including Poloxamer, 
Pluronics (Vadnere et al. 9 Int. J. Pharm., 22, 207-218, 1984), various copolymers such as 
PEO-PLLA and PEG-PLGA-PEG (Jeong et al., Nature 388, 860-862, 1997; Jeong et al, J. 
Controlled Release 63, 155-163, 2000), cellulose acetophthalate latex (Gurny et al J. 
Controlled Release 353-361, 1985), Gelrite (Rozier et al, Int. J. Pham. 57, 163-168, 1989), 
Carbopol, and Matrigel. The gel formation is induced by temperature change (Poloxamer, 
Pluronics, PEO-PLLA diblock copolymer, PEG-PLGA-PEG triblock copolymer, and 
Matrigel), pH change (cellulose acetophalate latex and Carbopol), or reaction with mono- 
or di-valent cations (Gelrite and/or alginates). However, most of them require a high 
polymer concentration for in-situ gel formation (>20%) (Poloxamer, PEO-PLLA diblock 
copoly, PEG-PLGA-PEG triblock copolymer, cellulose and acetophalate latex). The 
thermally gelling polymers (Poloxamer, Pluronics, PEO-PLLA diblock copolymer, PEG- 
PLGA-PEG triblock copolymer, and Matrigel) also have the disadvantage of gelling before 
administration due to temperature change during packaging or storage. Unfortunately some 
of these polymers are not biodegradable such as Poloxamer or require manipulation of the 
temperature before administration (PEO-PLLA diblock copolymer) or during formulation 
(Pluronics and Gelrite). An ophthalmic in-situ gelling drug delivery formulation consisting 
of a mixture of Carbopol and Pluronic was found to be more effective than formulations 
consisting of either one. However, Pluronic is used at 14% (Lin and Sung, Journal of 
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Controlled Release 69, 379-388, 2000). Such polymers are therefore not well suited for 
medical applications in humans and animals. Furthermore, many of these polymers form 
only a hydrogel which is a viscous but still flowing solution (e.g., Poloxamer and 
Pluronics). 

The in-situ gelation compositions using ionic polysaccharides has been disclosed in 
U.S. Patent No. 5,958,443, which discloses compositions comprising a drug, a film 
forming polymer and a gel forming ionic polysaccharide (such as an alginate). These 
compositions employed two separately applied components, one being a solution of 
crosslinking cations, which is applied to the site, and a second liquid component 
comprising the drug, film forming polymer and an ionic polysaccharide, which is then 
applied to react with the cross linking ions and form a gel. Various other synthetic and 
natural polymers have also been used in drug delivery formulations that may or may not 
have formed crosslinked gels, including starches and modified celluloses, gellan, chitosan, 
hyaluronic acids, pectins, and the like. 

The use of pectins has been mentioned in various drug delivery compositions. 
Pectins are a biodegradable acidic polysaccharide isolated from plant cell walls. All 
vegetables and fruits that have been examined appear to contain pectins. Pectins from 
sugar beets, sunflowers, potatoes, and grapefruits are just a few other well known 
examples. The chemistry and biology of pectins have been extensively reviewed (Pilnik 
and Voragen, Advances in plant biochemistry and biotechnology 1, 219-270, 1992; 
Voragen et al, In Food polysaccharides and their applications, pp 287-339. Marcel 
Dekker, Inc. New York, 1995; Schols and Voragen, In Progress in Biotechnology 14. 
Pectins and pectinases, J. Visser and A.G.J.Voragen (eds.). pp. 3-20. Elsevier Science 
Publishers B.V. Amsterdam, 1996). 
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Pectins have an a-(1^4)-linked polygalacturonic acid (Gal A) polysaccharide 
polymer backbone intervened by rhamnose residues. The Gal A residues have carboxylic 
acid substituent groups attached to the saccharide ring, which may be in the form of the 
carboxylic acid, a salt thereof, or an ester thereof. The Gal A content of most pectins is 
about 70-75%, and the rhamnose content is typically <2%. The rhamnose residues are a- 
(l-^2)-linked to Gal A residues in the backbone, and induce a T-shaped kink in the 
backbone chain, leading to more flexibility in the polysaccharide chains. Neutral sugar 
side chains are attached to the rhamnose residues in the backbone, at the 0-3 or 0-4 
position, and the rhamnose residues tend to be clustered together on the backbone. These 
rhamnose contain regions comprising the side chains is referred to as a "hairy region" of 
the pectin, while the long stretches of repeating and unbranched Gal A residues are termed 
the "smooth region" of the pectin. 

The hydroxyl and/or carboxylic acid substituents on the saccharide rings are also 
often bonded to non- sugar components such as methyl and acetyl groups. The extent of 
rhamnose insertions and other modifications to the chain and its monomers vary depending 
on the plant source of the pectin. Methylation occurs at carboxyl groups of the Gal A 
residues, so as to form carboxylic acid methyl esters. The degree of methylation or methyl- 
esterification ("DM") if a pectin is defined as the percentage of carboxyl groups (Gal A 
residues) esterified with methanol. Based on the DM, pectins are divided into two classes, 
low methoxyl ("LM") pectin with a DM of <50% and a high methoxyl ("HM") pectin with 
a DM of >50%. Most natural pectins and most commercial pectins, which are typically 
derived from citrus and apples, are HM pectins. 

LM pectins are typically obtained from HM pectins through an artificial chemical 
or biochemical de-esterification process. Commercial LM pectins typically have a DM of 
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20-50 %. A completely de-esterified pectin is referred as "pectic acid" or 
"polygalacturonic acid". Pectic acid in the acid form is insoluble but is soluble in the salt 
form. The common salt form of pectic acid is either sodium or potassium. 

Pectins are typically most stable at acidic pH levels between approximately 3-4. 
Below pH 3, removal of methoxyl and acetyl groups and neutral sugar side chains typically 
occurs. Under neutral and alkaline conditions, the methyl ester groups of the Gal A 
residues are known to be saponified to the carboxylic acid or carboxylate form, but the 
polygalacturonan backbone also breaks through j8-elimination-cleavage of glycosidic bonds 
on the non-reducing ends of methylated Gal A residues, with the result that the molecular 
weight of LM pectins is typically significantly less than the molecular weight its parent 
HM pectin. Once formed, pectic acids and LM pectins are relatively more resistant to loss 
of molecular weight at neutral and alkaline conditions since, there are only limited numbers 
of methyl ester groups, or none at all, so that /3-elimination-cleavage of the polymer chains 
slows down. 

Both HM and LM pectins form gels. However, these gels form via totally different 
mechanisms (Voragen et al, In Food polysaccharides and their applications, pp 287-339. 
Marcel Dekker, Inc. New York, 1995). HM pectin forms a gel in the presence of high 
concentrations of certain co-solutes (for example sucrose) at low pH. HM pectins are 
typically not reactive with calcium or other multivalent ions and therefore do not form a 
calcium gel as do the LM pectins (infra). However, certain HM pectins can be made 
calcium-reactive by a block wise de-esterification process, while still having a DM of 
>50%. See, Christensen et al U.S. Patent No. 6,083,540. 

LM pectins, which have high percentages of un-esterified carboxylic acid and/or 
carboxylate groups, are known to form gels in the presence of sufficient concentrations of 



6 

ATTORNEY DOCKET NO. 04137.0003U3 

calcium cations. The calcium ions are believed to coordinate to anionic carboxylate groups 
of the Gal A polymer subunits, and thus, are known as "calcium-reactive." The calcium- 
LM pectin gel network is believed to be built up by formation of what is commonly 
referred to as "egg-box" junction zones in which Ca 4 ^ causes the coordination and cross- 
linking of complementary carboxylate groups along two complementary stretches of 
polygalacturonic acid polymer chains. Calcium-LM pectin gel formation is influenced by 
several factors, including the DM, ionic strength, pH, and molecular weight of the pectin 
(Gamier et aL, Carbohydrate Research 240, 219-232, 1993; 256, 71-81, 1994). Current 
commercial LM pectins typically have a molecular weight of 7-14 x 10 4 Da and a Gal A 
content of -75% (Voragen et al, In Food polysaccharides and their applications, pp 287- 
339. Marcel Dekker, Inc. New York, 1995). Typical pectins have a rhamnose content of 
<2%. 

Pectins are typically utilized in the food industry and classified by the FDA as 
"GRAS" (Generally Regarded As Safe). They have also long been used as colloidal and 
anti-diarrhea agents. Recently, pectins have been utilized in the areas of medical device 
and drug delivery (Thakur et aL, Critical Reviews in Food Science & Nutrition 37, 47-73, 
1997). In the case of drug delivery, pectin has found its presence in many experimental 
formulations for oral drug delivery to the colon because pectin is readily degraded by 
bacteria present in this region of the intestines. The pectin is either used directly with no 
gelation involved, or a pectin calcium gel is pre-formed to encapsulate the drug agent 
before administration. Ashford et al, J. Controlled Release 26, 213-220, 1993; 30, 
225-232, 1994; Munjeri et al. 9 J. Controlled Release 46, 273-278, 1997; Wakerly et aL, J. 
Pharmacy & Pharmacology 49, 622-625, 1997; International Journal of Pharmaceutics 
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153, 219-224, 1997; Miyazaki et al. 9 International Journal of Pharmaceutics 204, 
127-132, 2000. 

U.S. Patent 6,432,440 recently disclosed the use of LM pectins in liquid 
pharmaceutical formulations adapted to gel on contact with mucosal surfaces. U.S. Patent 
6,342,251 disclosed the use of a wide variety of polymers, including pectins in liquid and 
solid formulations for nasal administration of drugs suitable for the treatment of erectile 
disfunction. U.S. Patents 5,707,644 and 5,804,212 recently disclosed the use of many 
polymers, including pectins, in formulating bioadhesive microspheres for the delivery of 
pharmaceuticals, peptides, and antigenic vaccines to nasal surfaces, but did not suggest the 
use of LM pectins or calcium induced gellation on contact with the nasal surfaces. The 
entire descriptions of U.S. Patent Nos. 6,432,440, 5,707,644 and 5,804,212 are hereby 
incorporated herein by this reference, in their entireties, for their teachings regarding the 
formulation of in-situ gelling pharmaceutical compositions, the pectins used to prepare 
such compositions, and the administration of the compositions to animals and humans. 

Biotechnology and associated methods for delivering drugs and related 
biopharmaceutical agents has been a subject of intense studies over recent years, but only 
limited progress has been made in the area of delivery of these agents, especially 
biopharmaceutical agents. Biopharmaceutical agents, such as peptides, proteins, nucleic 
acids, vaccines, antigens, and bioengineered cells, microorganisms, and viruses tend to be 
unstable, both in storage and after application. Injection of such agents into the tissues of 
an animal or human is sometimes successful, but is often economically and aesthetically 
undesirable, especially if frequent administrations are required. Many biopharmaceutical 
agents, especially the larger agents have in the past only been poorly absorbed if 
administered orally or to mucosal membranes. Once successfully administered to the 
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animal, many biopharmaceutical agents are rapidly degraded by the body before they can 
effectively exert their desired function, and need protection from degradation and/or the 
benefits of time release formulations. Therefore, many long felt but as yet unfulfilled 
needs exist in the area of administration of biopharmaceutical agents. 

Thus, a great need exists for a simpler, improved, and/or more efficient in-situ 
gelling compositions for drug and/or biopharmaceutical agent delivery. 

SUMMARY OF THE INVENTION 
The inventions disclosed herein relate to the delivery of physiologically active 
agents to the tissues or body fluids of animals, including humans. The inventions relate to 
methods of making and administering pharmaceutical compositions comprising 
polysaccharides, including pectins, that form an "in-situ " gel comprising the 
physiologically active agents when contacted with the tissues or body fluids. The 
compositions of the invention can be administered to the animal and its tissues and body 
fluids in the form or liquids, or solids, or powders comprising microspheres or 
microparticles of selected size ranges. 

The compositions can be formulated to improve the stability and/or storage life of 
sensitive biopharmaceuticals including peptides, proteins, antigens, vaccines, nucleic acids, 
viruses, whole cells or fragments thereof. The compositions can be administered by 
injection into body tissues, organs, or cavities, so as to contact body fluids such as blood or 
serum, or the compositions can be administered to the various mucosal surfaces of the 
body, including those of the oral/digestive tract, or the nasal and lung cavities. In some 
embodiments, administration of biomolecules such as vaccines, antigens, peptides, and/or 
proteins via in-situ gels formed in the nasal cavity can be advantageous. 
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In some aspects of the invention, inclusion of or co-administration of solid or gel 
inducing agents and/or compositions comprising divalent or multivalent cations in the 
compositions can provide improved gel formations. The in-situ gels, once formed can slow 
and/or modulate the release, or improve the bio-availability of the physiologically active 
agents. 

The features and benefits of the present invention can be illustrated by the 
following embodiments of the present invention. 

In one aspect, the invention relates to a solid pharmaceutical composition for 
administering a physiologically active agent to an animal comprising: 

a) one or more physiologically active agents in an amount effective to induce a 
physiological response in an animal; and 

b) one or more polysaccharides comprising subunits having anionic 
carboxylate or sulfate groups, and 

c) one or more solid polysaccharide gelling compositions comprising one or 
more pharmaceutically acceptable salts of a divalent or multivalent metal 
cation; 

wherein the pharmaceutical composition is in a solid form that forms a gel when contacted 
with a tissue or body fluid of an animal. 

In another aspect, the inventions relate to solid pharmaceutical compositions for 
administering a physiologically active agent to an animal comprising: 

a) one or more physiologically active agents; and 

b) one or more pectic substances, 

wherein the pharmaceutical composition is a solid capable of forming a gel when contacted 
with a tissue or body fluid of an animal. 
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In a related aspect, the invention provides a composition for the sustained release of 
a physiologically active agent in an animal, wherein the composition is in a dry form 
comprising: 

one or more physiologically active agents in an amount that exerts a physiological 
response in the body of an animal; and 

a pectic substance having a degree of methylation less than 30% and an average 

molecular weight of greater than 1 x 10 5 Daltons, 
in an amount effective to form a gel when the composition is contacted with a tissue or 
body fluid of the animal. 

The invention also relates to methods for making the compositions of the invention. 
In one such aspect, the invention relates to a method for preparing a dry composition for 
the sustained release of a physiologically active agent in an animal, comprising dissolving a 
mixture of a pectic substance and a physiologically active agent in a carrier to give a 
solution or dispersion, wherein the amount of the pectic substance is effective to gel in situ 
in the animal; and removing volatile components in the carrier to give the dry composition. 

The invention also relates to methods for administering solid or liquid 
pharmaceutical compositions that will gel on contact with the tissues or body fluids of an 
animal In one aspect, the invention relates to a method comprising administering to a 
tissue or body fluid of an animal, in any order or combination, the following components, 

a. one or more physiologically active agents in an amount effective to induce a 
physiological response in an animal; 

b. one or more polysaccharides comprising subunits having anionic carboxylate or 
sulfate groups, and 
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c. one or more solid gel inducing compositions comprising one or more 

pharmaceutically acceptable salts of a divalent or multivalent metal cation; 

to form a gel in contact with the tissue or body fluids of the animal. 

In the embodiment described immediately above, the a, b, and c components can be 
administered in any order, and the a and b components may be in the form of either a solid 
or a liquid solution, and any combination or sub-combination of the a, b, and c components 
may be administered simultaneously or in mixtures. 

The invention also relates to liquid compositions that are capable of gelling when 
contacted with the tissues of body fluids of an animal, and methods for applying the 
compositions to the tissues and body fluids. In one such aspect, the invention relates to a 
method for administering a physiologically active agent to an animal, comprising: 

a) providing a liquid solution or dispersion comprising 

i) liquid carrier, 

ii) a pectic substance having a degree of methylation of less than 30% 
and an average molecular weight of greater than 4.6 x 10 5 Daltons, in an 
amount effective to gel the liquid solution or dispersion when applied to the 
tissues or body fluids of the animal, and 

iii) one or more physiologically active agents; and 

b) applying the liquid solution or dispersion to the tissues or body fluids of the 
animal to form a gel comprising physiologically active agent in contact with 
the tissues or body fluids. 

In some other aspects, the invention relates to a methods for administering vaccine 
composition to an animals or a humans, in either solid or liquid forms, comprising 
administering the vaccine composition to the mucosal surfaces of the animal or human. In 
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one such aspect the invention relates to a method for administering a solid pharmaceutical 
composition comprising 

a) one or more powders comprising microspheres or microparticles that 
separately or together comprise 

i) a pectic substance having a degree of methylation less than about 
30% and an average molecular weight of greater than 1 x 10 5 Daltons, in an 
amount effective to form a gel when the composition is contacted with the 
mucosal surfaces of an animal; 

ii) one or more antigens selected from the group consisting of a peptide, 
a protein, a nucleic acid, a live cell, a dead cell or a portion thereof, or a 
virus, in an amount that is capable of inducing an active immune response in 
the animal; and 

b) administering the powder to the nasal tissues and/or nasal fluids of the 
animal to form a gel in contact with the tissues or body fluids, and 

c) inducing an active immune response to one or more of the antigens in the 
animal. 

The foregoing discussion has outlined some of the more pertinent features of the 
present invention. These should be construed to be merely illustrative of some of the more 
prominent features and applications of the invention. Accordingly, a fuller understanding 
of the invention may be had by referring to the following Detailed Description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the preferred embodiment of the present 
invention, reference is made to the following detailed description taken in conjunction with 
the accompanying drawings, wherein like numerals refer to like elements, wherein: 
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Figure 1 is a bar graph representing the relationship of NaCl to the calcium gelation 
of Aloe pectin. 

Figure 2 shows the Aloe pectin in-situ gelation at various Aloe pectin 
concentrations with normal animal serum. 

Figure 3 A shows the Aloe pectin in-situ gelation in the presence of a HEC thickener 
with normal animal serum. 

Figure 3B shows the Aloe pectin in-situ gelation in the presence of a sodium 
alginate thickener with normal animal serum. 

Figure 4 shows the slow release effect obtained with Aloe pectin in-situ gel using a 
small organic compound (fast green). 

Figure 5 shows a bar graph representing the relationship between bFGF treatment 

\ 

and cell number in a defined area. 

Figure 6. The release rate of fast green from liquid or dried formulations. Figure 
6a shows results for an LM pectin, and Figure 6b shows results for a LMW aloe pectin. 
The diameter of the diffusion circle around the formulation placed in the normal calf serum 
was measured over time, as described in Example 17. 

Figure 7. Controlled protein release from powder formulations comprising a high 
molecular aloe pectin, and suspended in simulated nasal fluid, as described in Example 20. 

Figure 8. Specific serum IgG response against DT-CRM antigen following 
intranasal delivery to rats of a powder vaccine formulation, as described in Example 22. 

Figure 9. Improved in-situ gelation of pectin formulations in contact with normal 
calf serum is achieved by addition of extraneous calcium, as described in Example 24. 
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Figure 10. Serial cross sections of the nasal cavity of a mouse 4 h after intranasal 
delivery of an HMW Aloe pectin solution (0.5%, w/v), showing formation of gel on the 
nasal mucosal surfaces, as described in Example 26. 

Figure 1 1 . Serum IgG and lung IgA immunological responses of mice to nasal 
administration of liquid vaccine compositions comprising aloe pectin and a protein antigen 
(DT-CRM) (a and b) or an inactivated influenza split subvirion antigen (A/New 
Caledonia/20/99, H1N1) (c and d), as described in Example 29. 

DETAILED DESCRIPTION 

The present invention can be understood more readily by reference to the following 
detailed description of various embodiments of the invention and the Examples included 
therein and to the Figures and their previous and following description. Before the present 
compounds, compositions, and/or methods are disclosed and described, it is to be 
understood that this invention is not limited to specific starting materials, pharmaceutical 
agents or specific synthetic methods unless otherwise specifically indicated, as such can, of 
course, vary. It is also to be understood that the terminology used herein is for the purpose 
of describing particular embodiments only and is not intended to be limiting. 

DEFINITIONS 

In the specification and Formulae described herein the following terms are hereby 
defined. 

"Optional" or "optionally" means that the subsequently described event or 
circumstance may or may not occur, and that the description includes instances where said 
event or circumstance occurs and instances where it does not. For example, the phrase 
"optional excipient" means that the excipient may or may not be included in the 
composition. 
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It must be noted that, as used in the specification and the appended claims, the 
singular forms "a," "an" and "the" include plural referents unless the context clearly 
dictates otherwise. Thus, for example, reference to "an aromatic compound" includes 
mixtures of aromatic compounds. 

Often, ranges are expressed herein as from "about" one particular value, and/or to 
"about" another particular value. When such a range is expressed, another embodiment 
includes from the one particular value and/or to the other particular value. Similarly, when 
values are expressed as approximations, by use of the antecedent "about," it will be 
understood that the particular value forms another embodiment. It will be further 
understood that the endpoints of each of the ranges are significant both in relation to the 
other endpoint, and independently of the other endpoint. 

By "pharmaceutically acceptable" is meant a material that is not biologically or 
otherwise undesirable, i.e., the material can be administered to an individual along with the 
relevant active compound without causing clinically unacceptable biological effects or 
interacting in a deleterious manner with any of the other components of the pharmaceutical 
composition in which it is contained. 

By the term "effective amount" of a compound as provided herein is meant a 
sufficient amount of the compound to provide the desired regulation of a desired function, 
such as gene expression, antigen induced immune reaction, protein function, or a disease 
condition. As will be pointed out below, the exact amount required will vary from subject 
to subject, depending on the species, age, and general condition of the subject, the severity 
of the disease that is being treated, the particular agent used, its mode of administration, 
and the like. Thus, it is not possible to specify an exact "effective amount." However, an 
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appropriate effective amount can be determined by one of ordinary skill in the art using 
only routine experimentation. 

A "Gel" as the term is defined and used herein is an elastic solid or deformable 
semi-solid comprising a porous three dimensional network of organic polymer molecules 
containing within the network a reversibly absorbed liquid. In the context of the present 
invention, the reversibly absorbed liquid typically comprises the liquid water, although 
other liquid materials may also be present. In the context of the present invention, the 
network of polymer molecules typically comprise polysaccharides having repeat units 
comprising carboxylate or sulfate groups, including pectins. In many embodiments, at 
least some of the carboxylate or sulfate groups of the polysaccharide chains coordinate to 
divalent or multivalent cations such as calcium or aluminum, to form a cation crosslinked 
three dimensional network of polysaccharide molecules. 

Gellation, as the term is used herein, refers to the formation of a gel that involves 
the formation of the polymer network and absorption of the liquid. In-Situ gels are formed 
from suitable precursor polymers and water, on or after contact with a tissue or body fluid, 
or a simulated tissue or body fluid. 

A "Polymer" is a macromolecule formed by the covalent boding together of more 
than 10 divalent or multivalent subunits that are typically called monomers. The polymers 
of the present invention comprise both natural polymers such as proteins, nucleic acids, 
polysaccharides, and the like, which may contain a relatively large number of different 
types of monomers, or man-made polymers such as polyacrylates that often only contain 
one or a small number of different monomers. 

A "Gel-inducing agent" is an agent capable of causing a polymer or a polymer 
solution to form a gel. Gel inducing agents often induce gel formation by inducing 
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crosslinking between polymer chains, which in the context of the present invention include 
salts of divalent and multivalent cations, which can crosslink carboxylate or sulfate 
substituent groups on the same or differing polysaccharide molecules.. 

An "Ionic polymer" is a synthetic or natural polymer having monomers that have 
functional groups that is ionized or can be readily ionized (such as a carboxylic acid or the 
corresponding carboxylate group, or an organic sulfonic acid, and it corresponding organic 
sulfonate anionic group. 

An "Ionotropic gel" is a gel formed by the crosslinking of a polymer with an ion. 
"Dried pharmaceutical preparation", a dried pharmaceutical formulation with a moisture 
content less than 20% in the form of powder, pad, film, sponge, tablet, or capsule. 

A "powder" is solid, dry material that primarily comprises very small solid particles 
or spheres. The largest dimension of the bulk of the particles or spheres of a powder are 
less than a milimeter. In the context of the above definition, "dry" means that there is very 
little, if any free flowing liquid (including water) on the surface of the powder particles or 
spheres that would tend to significantly inhibit the normally free-flowing physical 
characteristics of a powder. The powders of the current invention may in fact comprise 
absorbed water within polymer networks, but do not comprise significant amounts of 
flowable liquid water on their surfaces. 

A "microsphere" is a small, approximately spherically shaped solid particle having 
a generally continuously curved and non-angular surface, the particle having effective 
diameters between about 0.1 and about 250 microns (/xM). Microspheres, as defined herein 
include microcapsules. A "microparticle" in contrast to a microsphere, has a flat, angular, 
rhombohedral, or irregular surface. Microparticles have a longest linear dimension of 
between about 0.1 and about 250 microns. 
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A "physiologically active agent" refers to an agent, compound, or composition that 
can induce a physiological response in the body of an animal. Physiologically active 
agents include nutrients, small molecule drugs and therapeutic agents, large molecule drugs 
and therapeutic agents, a pharmacologically active substance; a diagnostic agent; a 
therapeutic agent; a nucleic acid; a peptide; a polymer; a small protein; a large protein; and 
a live cell. A pharmacologically active substance includes a substance that illicits immune 
response, such as a vaccine. Examples of therapeutic agents include anti-bacterial 
substances, antimicrobial agents, antiparasitic agents, antibiotics, antihistamines, 
decongestants, antimetabolites, antiglaucoma agents, anti-cancer agents, antiviral agents, 
anti-fungal agents, anti-inflammatory agents, anti-diabetic agents, anesthetic agents, anti- 
depressant agents, analgesics, anti-coagulants, opthalmic agents, angiogenic factors, 
immunosuppressants, and anti-allergic agents. 

A "Vaccine" comprises one or more antigens, in the form of a protein, a 
carbohydrate, a lipid, or nucleic acid, a cell in whole or part, a virus, etc., that is capable of 
inducing immune response in a treated organism, against the antigen or the microorganism 
or tissue from which it is derived, so as to treat or prevent diseases caused by 
microorganisms, viruses, and/or or cancer. 

The term "pectic substance," as used in this invention, includes any material 
comprising a major proportion of one or more polysaccharide materials derived from a 
naturally occurring pectin. Pectic substances include low and high methoxyl pectins, de- 
esterified pectin, pectin calcium gel, Aloe pectin sodium gel, pectic acid, pectate, pectinic 
acid, pectinate, protopectin, and pectin-rich substances, such as Aloe vera inner gel cell 
wall fiber, individually, collectively, or in combination thereof. As discussed above, pectin 
is a group designation for those complex colloidal carbohydrate derivatives which occur in, 
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or are prepared from, plants and contain a large proportion of anhydrogalacturonic acid 
monomelic units. 

A "de-esterified" pectin is a pectin from which a plurality of methyl ester groups 
have been removed from the pectin polymer by an artificial process. 

A "Pectic acid" is the group designation applied to pectic substances mostly 
composed of colloidal polygalacturonic acids and essentially free from methyl ester groups. 
A totally de-esterified pectin is a pectic acid or polygalacturonic acid. "Pectates" are either 
normal or acid salts of pectic acids. "Pectinic acids" are the colloidal polygalacturonic 
acids containing more than a negligible proportion of methyl ester groups. "Pectinates" are 
either normal or acid salts of pectinic acids. "Protopectin" is applied to the water-insoluble 
parent pectin which occurs in plants and which upon restricted hydrolysis yields pectins, 
pectinic acids, and others. The water-insoluble pectin may be associated with the cellulose 
present in the plant, such as the Aloe vera inner gel or rind cell wall fiber. 

A residue of a chemical species, as used in the specification and concluding claims, 
refers to a structural fragment, or a moiety that is the resulting product of the chemical 
species in a particular reaction scheme or subsequent formulation or chemical product, 
regardless of whether the structural fragment or moiety is actually obtained from the 
chemical species. Thus, an Gal A residue in a pectin refers to one or more of the galuronic 
acid monomelic repeat units in the pectin, regardless of whether galuronic acid itself is 
present in or was used to prepare the pectin. 

In the subsequent description, reference is frequently made to units of "% (w/v)". 
By this expression the "% (w/v)" is defined to be the number of grams of substance in 100 
ml of a liquid solution. In dilute aqueous solutions, the density of the liquid will be 
approximately 1 gram per milliliter, so that the "% (w/v)" would be approximately equal 
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the number of grams of solid in 100 grams of liquid. In these "% (w/v)"units, a solution 
that was 1% (w/v) would correspond to 1 gram per 100 mililiters, = 1 gr/ 100 ml = 10 
mg/ml. 

Abbreviations Used Herein Include: 

CMC, carboxylmethyl cellulose; Da, dalton; DM, degree of methylation; Gal A, 
galacturonic acid; HEC, hydroxyethyl cellulose; HM, high methoxyl; HPMC, 
hydroxypropylmethylcellulose; kDa, kilodaltons; LM, low methoxyl; PBS, phosphate 
buffered saline; PEG-PLGA-PEG, polyethylene glycol-poly(lactic-co-glycolic acid)- 
polyethylene glycol; PEO-PLLA, polyethylene oxide) -poly(L-lactide); PEO-PPO-PEO, 
poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide). 
Pharmaceutical Compositions 

In some embodiments, the invention relates to a solid pharmaceutical composition 
for the delivery of a physiologically active agent to an animal comprising: 

a. one or more physiologically active agents in an amount effective to induce a 
physiological response in an animal; 

b. one or more polysaccharides comprising subunits having anionic carboxylate or 
sulfate groups, and 

c. one or more solid, polysaccharide gel inducing compositions comprising one or 
more pharmaceutically acceptable salts of a divalent or multivalent metal 
cation; 

wherein the pharmaceutical composition is in a solid form that forms a gel when 
contacted with a tissue or body fluid of an animal. 

The above-described solid pharmaceutical composition is a solid of any solid form, 
including a pad, a tablet, a capsule or a powder. In many embodiments the solid 
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pharmaceutical composition is formulated in the form of a powder. The powders can be 
present as a plurality of microparticles and/or microspheres, as the terms are defined 
elsewhere herein. In practice, powders having desired ranges of particle size can be 
produced by any of many methods well known the art, including emulsion processes, 
encapsulation processes, spray drying processes, grinding of solids,etc. In a final step of 
many processes, precursor solids or powders are passed through one or more sets of sieves. 
Such sieves have openings of defined and desirable sizes, for example, 250, 200, 150, 100, 
80, 60, 50, 40, 30, 20, 1 1, 10, 9, 5, 1, and 0.1 ^iM., so as to produce a variety of ranges of 
particle sizes for the powders, microparticles and/or microspheres. Desirable ranges of 
particle sizes can include the approximate ranges of particle sizes disclosed in Table 1 
below. In one embodiment, the opening of the sieves permit the powders, microparticles 
or microspheres to pass through so as to have size of about 250 |uM, or less. Optionally 
that powder can then be processed with another smaller sieve to remove the smallest 
particles, so as to produce a solid composition having particle sizes between, for example, 
about 1 1 fiM and about 250 (iM. 

There can also be beneficial effects to certain other constraints on particle size 
distributions. Accordingly, in some embodiments a specified percentage of the particles of 
a solid composition will fall inside the specified size range. For example, it could be 
desirable that about 80%, or about 85%, or about 90%, or about 95% of the particles fall 
within a specified particle size range. To cite one example, in some embodiments, the solid 
compositions of the inventin comprise microspheres, and less than 90% of the 
microspheres have a diameter between 0.1 and 10 ^iM. 

The one or more polysaccharides employed in the invention can be either neutral or 
anionic, because they comprise monosaccharide subunits having anionic carboxylate or 
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sulfate groups. It is to be understood that the anionic carboxylate groups can be in the form 
of either a salt of carboxylic acid attached to the monomelic subunits, or the parent 
carboxylic acid itself, which is readily ionizable or ionized at physiological pH. Similarly, 
the anionic sulfate groups of the monosaccharide subunits include both a salt of a 
monosaccharide comprising a sulfonic acid group and a monomelic subunit comprising the 
acid form of the sulfate. A variety of polysaccharides comprise anionic carboxylate or 
sulfate groups, including carboxylated starches, pectic substances, an alginate, a 



carrageenan, or a gellan. 



Table 1. Selected Compositional Ranges * 

for Components of the Gel-Forming Compositions of the Invention 
Dried formulations (% w/w) Liquid formulation 

Polysaccharides 

0.0001 to 99 % 0.001 to 20 (% w/v) 

0.001 to 50% 0.01 to 10 

0.005 to 20 % 0.05 to 8 

0.01 to 10% 0.1 to 4 

Pharmaceutical^ Active Agent 
0.0001 to 90 % 0.001 to 50 (% w/v) 

0.001 to about 70%> 0.01 to 25 

0.01 to 50% 0.05 to 10 

0.1 to 20% 0.1 to 8 

Powder, Microsphere, or Microparticle Particle Size 
0.1 um to 300 |im n/a 
1 um to 200 um n/a 
10 um to 100 um n/a 
12 jumto 60 jam n/a 
15 jam to 50 um n/a 
Pharmaceutical!} Acceptable Thickeners 
0.0 1 to 90% 0.0 1 to 1 0(% w/v) 

0.1 to 80% 0.1 to 8 

1.0 to 70% 0.2 to 6 

5.0 to 50% 0.5 to 5 

Pharmaceutical^ Acceptable Excipients 
0.1 to 90% 0.1 to 40(% w/v) 

1.0 to 50% 0.5 to 30 

2.0 to 30% 1.0 to 20 

3.0 to 20% 2.0 to 10 

Divalent or Multivalent Metal Cations 
0.01 to 80% 0.00001 to 0.05(% w/v) 

0.05 to 40% 0.0001 to 0.02 

0.1 to 10% 0.001 to 0.01 



23 

ATTORNEY DOCKET NO. 04137.0003U3 

* Although shown pairwise in the table above, it is expressly contemplated herein that any of the 
endpoints recited for a particular category of components cited in the table may be combined with 
any of the other corresponding endpoints recited for that category of component, to form a new 
range for that category of components. 

In many embodiments, the solid pharmaceutical compositions comprise one or 
more pectins, either in its acid form or in the form of a salt of the carboxylic acid. The 
general structure and characteristics of pectins have been described hereinabove. In some 
embodiments the pectins have a degree of methylation (DM) of equal to or less than about 
70%, 50%, 30%, 25%, 20%, 19%, 18%, 15%, 14%, 12, 10%, 9%, or 5% Lower degrees 
of methylation typically, but not always lead to improved gellation properties, though many 
other factors are involved in determining the gellation properties of the pectins. 

The molecular weight of a pectic substance or a pecin is an important factor in its 
gellation properties, higher molecular weights typically producing better gellation 
properties. The importance of molecular weight in the gellation of pectins is described in 
U.S. Patent No. 5.929,051, which is hereby incorporated herein by this reference, it its 
entirety, for its teaching of the characteristics of pectins and aloe pectins. In many 
embodiments, the pectic substances or the pectins have an average molecular weight of 
greater than about 4.6 x 10 5 Daltons, or about 5.0 x 10 5 Daltons. Alternatively, the pectic 
substances or pectins may have an average molecular weight of equal to or less than about 
2 x 10 5 Daltons, 3 x 10 5 Daltons, 4 x 10 5 Daltons, 6 x 10 5 Daltons, 7 x 10 5 Daltons, 8 x 10 5 
Daltons, or 9 x 10 5 Daltons. In some embodiments, the pectic ubstances or pectins have a 
molecular weight greater than 1 x 10 6 Daltons and a degree of methylation of less than 
10%. 

The compositions of the invention (liquid or solid) can comprise one or more 
physiologically active agents, as that term is defined elsewhere herein. In some 
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embodiments, the physiologically active agents can include a therapeutic agent, a 
diagnostic agent, a carbohydrate, a lipid, a peptide, a nucleic acid, a live cell, a dead cell in 
whole or part, a microorganism in whole or part, a virus in whole or part, a vaccine, an 
antigen, and a protein. The compositions of the invention can comprise therapeutic agents 
such as small molecule drugs. In many embodiments the compositions of the invention can 
comprise a wide variety of larger biological agents including molecules, cells, viruses, 
antigens, etc. In some embodiments, the physiologically active agents can preferably 
include peptides, proteins, vaccines and/or antigens, live cells, dead cells in whole or in 
part, or viruses in whole or in part. 

The biological agents employed in the invention tend to be significantly less stable, 
both in storage and during and after application, than other materials. The compositions of 
the present invention can be unexpectedly superior in terms of the stabilization and storage 
of such biological agents. In particular, when mixed with an appropriate gelling 
polysaccharide, especially pectins, and dried to form a solid, the polar character of the 
polysaccharide and the low water content of the solid composition can significantly 
prolong the shelf life a biological molecule that might otherwise be unstable in an aqueous 
solution stored at room temperature. Moreover, once incorporated into an in-situ gel after 
application to tissues or body fluids, the large biological agents tend to be stabilized by the 
polysaccharide matrix, and tend to be released from the gel more slowly than smaller 
compounds, so as to achieve a high degree of bioavailability, but with a desirable slow 
release rate. These desirable characteristics of the compositions of the invention can be 
particularly important in the administration of vaccines and the associated antigens. 

The solid compositions of the invention can comprise small amount of water, 
especially those comprising pectins, which tend to have residual water absorbed with the 
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pectins. Therefore, the solid compositions of the invention may comprise about 20% water 
by weight, or about 15%, 12%, 10%, 9%, 8%, 7%, 6%, 5%, 3%, 2% 1%, or less. At any of 
the percentages of water described above the particles can typically be described as "dry," 
in the sense that no free flowing liquid is apparent on the surface of the particle so as to 
cause significant stickiness that would significantly impede the free flow of the solid in the 
form of a powder. Lower percentages of water by weight are preferred in some 
embodiments of the invention, so as to improve the stability of the physiologically active 
agents during storage, or to improve the physical characteristics of the solid. 

In another aspect, the invention relates to a method for delivering a physiologically 
active agent to an animal comprising administering to a tissue or body fluid of an animal, 
in any order or combination, the following components, 

a. one or more physiologically active agents in an amount effective to induce a 
physiological response in an animal; 

b. one or more polysaccharides comprising subunits having anionic carboxylate or 
sulfate groups, and 

c. one or more solid gel inducing compositions comprising one or more 
pharmaceutical^ acceptable salts of a divalent or multivalent metal cation; 

to form a gel in contact with the tissue or body fluids of the animal. 

In the above-described methods, components a, b, and c can be administered in any 
order, combination, or physical form so long as component c is administered as a solid, and 
a gel is formed in contact with the tissues or body fluids of the liquid. In some 
embodiments of the method, components a, b, and c are administered as components of a 
powder composition, wherein the components can be in the form of a physical mixture of 
one or more solid phases. In some embodiments, solid component c is present as a distinct 
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solid phase comprising powder particles, while in other embodiments solid component c 
may also be present in a mixture on the molecular level with the physiologically active 
agent. 

In some embodiments, components a and b are administered as separate or mixed 
powders, while component c is present a different and chemically distinct solid phase. For 
example, components a and b can be administered as a physical mixture of one or more 
powders comprising component a, and one or more powders comprising component b, 
which may be administered separately from or together with component c. 

In some favorable embodiments, components a and b are administered as a solid 
composition prepared by dissolving one or more physiologically active agents and one or 
more polysaccharides in a liquid carrier, and then removing sufficient liquid carrier to form 
a solid mixed composition, wherein the agent and the polysaccharide are intimately 
intermixed on the molecular level. Component c can be administered before, concurrently 
with, or after the administration of the solid mixed composition, which is often 
administered in the form of a powder. 

In some other embodiments, components a and b are administered as a solution in a 
liquid carrier, while component c is administered as a separate solid. 

In another embodiment, the invention relates to a composition for the 
administration of a physiologically active agent to an animal comprising: 

a. one or more physiologically active agents in an amount effective to induce a 
physiological response in an animal; and 

b. one or more pectic substances having a degree of methylation less than about 
30% and an average molecular weight of greater than about 1 x 10 5 Daltons, 
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wherein the composition is a solid capable of forming a gel when contacted with a 
tissue or body fluid of an animal 

In another embodiment, the invention relates to a method for sustained release of a 
physiologically active agent to an animal, comprising: 

a) providing a liquid solution or dispersion comprising 

i) a liquid carrier, 

ii) a pectic substance having a degree of methylation of less than 30% and 
an average molecular weight of greater than 4.6 x 10 5 Daltons, in an amount 
effective to gel the liquid solution or dispersion when applied to the tissues 
or body fluids of the animal, and 

iii) one or more physiologically active agents; and 

b) applying the liquid solution or dispersion to the tissues or body fluids of the 
animal to form a gel comprising physiologically active agent in contact with 
the tissues. 

In some embodiments of the above methods of applying liquid compositions, the 
pectic substance can be an aloe pectin, whose beneficial characteristics have been 
described. In related embodiments of the above methods of applying liquid compositions, 
the physiologically active agent is a biological agent such as a peptide, a protein, an 
antigen, a vaccine, a live cell, a dead cell in whole or in part, or a virus in whole or in part. 
In related embodiments, the tissue or body fluid can be a mucosal surface, including a nasal 
mucosal surface. 

In the above methods of applying liquid compositions, the compositions can be 
modified with certain agents so as to improve their storage characteristics. As further 
described in Example 25 and elsewhere herein, salts of monovalent cations such as sodium 
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chloride and/or ammonium chloride, or buffering agents such as phosphate buffers can be 
added to the liquid composition to provide a solution of physiological pH, and ionic 
strength. Moreover, such solutions have some unexpectedly superior properties when 
employed for first storing and then applying the physiologically active agents. If NaCl or 
5 NH4CI are added at appropriate concentrations to liquid solutions comprising the pectins 
and agents, the solution can reversibly form a gel when refrigerated for storage (at around 4 
°C). The gel so formed can stabilize and protect sensitive biological active agents from 
precipitation and/or decay. When the composition is removed from storage for 
administration to the animal or human, the gel dissolves leaving a clear and precipitate free 
10 solution that is suitable for administration by injection, to mucosal surfaces, and the like. 

Moreover, small amounts of salts of divalent cations can be added to the liquid 
solutions without gelling them, as is described in Example 24, with the benefit that when 
the modified solution is applied to a tissue or body fluid, in-situ gelation is enhanced. 

Additionally, the liquid solutions can comprise the other thickeners and/or 
15 excipients described elsewhere herein. 

As described above, some embodiments of the invention relate to compositions and 
methods for administering vaccines and/or antigens to animals and/or humans. Therefore, 
in some embodiments, the invention relates to method for administering a vaccine to the 
nasal mucosa of an animal, comprising administering to the mucosal surfaces of the 
20 animal: 

a. one or more powders comprising microspheres or microparticles that 
separately or together comprise 
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i) one or more polysaccharides comprising subunits having anionic 
carboxylate or sulfate groups, in an amount effective to form a gel when 
the composition is contacted with the mucosal surfaces of an animal; 

ii) one or more antigens selected from the group consisting of a peptide, 
a protein, a nucleic acid, a live cell, a dead cell or a portion thereof, or a 
virus, in an amount that is capable of inducing an active immune 
response in the animal; and 

b. administering the powder to the nasal tissues and/or nasal fluids of the 
animal to form a gel in contact with the tissues or body fluids, and 

c. inducing an active immune response to one or more of the antigens in the 
animal. 

Nasal administration of vaccines is of particular interest, because of the many 
advantages of such administrations. Nasal administration typically avoids the discomfort 
and cost associated with injection, and also avoids the typically destructive effect of the 
acids and enzymes of the digestive tract on sensitive antigens. Nevertheless, nasal 
administration of vaccines can be challenging, because the nasal mucosal surfaces are well 
known to rapidly renew themselves and clear foreign agents over very short time periods. 
Therefore many prior art attempts at the nasal administration of vaccines have not achieved 
therapeutic success, due to rapid clearance of the vaccine components from the nasal 
mucosa, so that insufficient time and contact is maintained so as to effectively induce a 
desired level of immune response in the animal. 

The current invention provides compositions and methods of administering those 
compositions that unexpectedly overcome the problems of the prior art, by providing 
compositions that form in-situ gels comprising the antigens that adhere to the nasal 
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mucosal surfaces, and provide extended residence times for the antigen components of the 
vaccines. See Example 26, and Figure 10. As shown by Examples 22 and Figure 8, the 
result is an unexpectedly improved and superior induction of an active immune response in 
the animal. 

In many embodiments, after administration of the vaccine and/or antigens to the 
nasal mucosa of the animal the immune response of the animal can increase by more than 
about 10%, as measured by the IgA levels in the lung washings of an animal as compared 
to the IgA levels obtained in a control experiment that administers a control composition 
that does not comprise the polysaccharide. Preferably, the immune response of the animal 
will increase by more than about 25%, 50%, 75%, 100%, 150%, or 200%, as measured by 
the IgA levels in the lung washings of an animal as compared to the IgA levels obtained in 
a control experiment that administers a control composition that does not comprise the 
polysaccharide. 

It is realized that one unique advantage of the powder formulation with gel forming 
ionic polymers is the ability to blend the powder formulation with a dried gel-inducing 
agent to ensure a consistent gel formation after administration. Thus, a gel inducing agent 
made as a dried powder may be added to the powder formulation. Since the inducing agent 
is in a dry state, there will be no gel formation prior to delivery or hydration. After 
delivery, the gel-inducing agent is dissolved and thereby facilitates gelation of the 
formulation powder particles through interacting with the gelling ionic polymer. 

For polymers like pectins, alginates, and polyphosphate, the gel-inducing agent 
could be various 2+, 3+, and other multi-valent metal ions. Examples of these ions include 
calcium, zinc, magnesium, ferric, and aluminum. They may be prepared as a powder by 
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themselves or in the presence of an excipient. The inducing agent powder particle density 
and size may be adjusted to allow it to be mixed with the active agent formulation powders 
in a consistent and homogenous manner. 

In addition, other groups of pharmaceutically acceptable excipients may be used, 
including binders, fillers or bulking agents, lubricants, flavoring agents, and taste masking 
agents. Binders are use to generate a free-glowing powders; fillers are used to increase the 
powder bulk; lubricants are used to increase the flow of a powder; taste-masking agents 
are used to reduce the unpleasant taste of a medicine. 
Aloe Pectin 

Aloe pectins are isolated from Aloe vera plant as recently described in U.S. Patent 
No. 5,929,051, the entire content of which is incorporated herein by reference. Aloe 
pectins are naturally a LM pectin and capable of calcium gelation. In addition, aloe pectins 
can possesses several unique chemical properties that are particularly related to gelation, 
including high molecular weight (>1 x 10 6 Da), a high Gal A content (> 75%, 80%, 85%, 
and in many cases >90%), and a low DM ( < 10 %). A DM below 10% makes Aloe pectin 
almost pectic acids, but with a significantly higher molecular weights than other 
commercially available low DM pectins and pectic acids, as illustrated in Example 27, 
Table 8. Aloe pectins also have a significantly higher percentage of carboxylate groups in 
the polymer as compared to other pectins, because of their high GalA content. Aloe 
pectins also typically have a desirably high degree of branching in the polysaccharide 
backbone, and an unusually flexible polymer backbone, as a result of their high rhamnose 
contents, which can be > 3% or greater than 4%, as compared to about 2% in other pectins. 
A pectin with such a low DM, a high molecular weight, and a high Gal A and rhamnose 
content had not been described previously to U.S. Patent No. 5,929,051. Aloe pectin, 
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which has recently become commercially available in purities suitable for pharmaceutical 
applications, is an off white powder and completely soluble in water as the finished 
commercial product, whereas previously commercially available and/or experimental LM 
pectins are yellow to tan powders that contain significant amount of insoluble materials, 
and thus are undesirable for pharmaceutical applications. 

Aloe vera leaves consist of two parts, an outer green rind and a clear inner gel 
which is also referred to as pulp. Aloe pectin is extracted from the inner gel or outer rind 
cell wall fibers. Use of a chelating agent at a slight alkaline pH is found to be the most 
efficient extraction method. Aloe pectin is unique as compared to previously described 
pectins. It has a high rhamnose content of >4% in the purified pectin preparation which is 
at least 2 times higher than described in other pectins such as citrus, apple, sugar beet, and 
sunflower. Rhamnose is a key sugar in the pectin backbone whose content affects the 
flexibility of the molecule. Aloe pectin also possesses a rare sugar, 3-OMe-rhamnose 
which has not been described in any other pectins. Aloe pectin is naturally LM, having a 
DM generally <30% and can be as low as <10%. The Gal A content of Aloe pectin is 
>70% and can be as high as >90%. Aloe pectin is capable of gel formation in the presence 
of calcium. A monovalent cation, such as sodium, potassium and lithium accelerates the 
formation of gel. 

Aloe pectin can be distinguished from other pectins by one or more of the following 
characteristics: 

1. A high molecular weight (>1 x 10 6 Da) and a high intrinsic viscosity (> 550 ml/g); 

2. A high rhamnose content (>4%); 

3. A high galacturonic acid content (>90%); 

4. Containing 3-OMe-rhamnose; 
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5. Being naturally LM with a DM as low as <10%; 

6. Capable of calcium gel formation; 

7. Capable of monovalent cation-based gel formation at low temperature (4 °C). 
We found that by injecting into a body or by topically applying to wound surfaces 

as a route of administration, a non-gelled liquid pectin can form a gel in-situ at the site of 
administration. The in-situ gel is firm and non-flowing just like the calcium gel formed in 
vitro, which is distinct from the hydrogel, a viscous but still flowing solution. The in-situ 
gelation of Aloe pectin was found to be particularly efficient such that the minimal Aloe 
pectin concentration needed for forming a firm solid in-situ gel is as low as 2.5 mg/ml or 
0.25 % (w/v) and can be even lower if a thickener is added. 

Additionally, the capacity for monovalent cation gel formation can be 
advantageously applied to prepare compositions comprising sensitive biological molecules 
comprising sodium and/or ammonium chloride at physiological pH and ionic strength that 
will reversibly gel when refrigerated, so as to form a gel that can stabilize sensitive 
biological agents. The gels so formulated then redissolve when returned to room 
temperature to form clear, precipitate free liquid pharmaceutical composition, as described 
in Example 25. The redissolved solution can then be applied to tissues or body fluids by 
various methods of administration to form an in-situ gel. 

The gel compositions can be made isotonic or iso-osmotic and adjusted to the pH of 
mammalian body fluids, such as lacrimal tears. The pH and osmotic pressure of such 
bodily fluids are 7.4 and 29 mOsm/kg, respectively. It is advantageous to deliver a 
pharmacologically active medicament to an area of the mammalian body requiring 
pharmacological treatment under desired pH and osmotic pressure conditions which, for 
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instance, match those of bodily fluids. Optionally, the pharmaceutical compositions of the 
invention can be provided in a sterile condition. 

Although not wanting to be bound by any theory, it is believed that the pectin in- 
situ gelation is primarily mediated by the calcium ions in the body fluids. Blood has a 
calcium concentration of 8.5-10.3 mEq/dl. The calcium gelation of pectins is enhanced in 
the presence of NaCl which is also a normal component of the body fluids. There are 134 
mEq/L NaCl in the blood. 

The in-situ gel also forms in the presence of various agents, including small organic 
compounds, proteins, nucleic acid, live cells, and other polymers following subcutaneous 
injection, demonstrating the capability of the pectin for delivering a wide range of agents in 
an encapsulated or entrapped form. When a poorly soluble compound such as silvadene 
was incorporated, the in-situ gel still formed. Once delivered, the pectin in-situ gel clearly 
exerted a slow release effect. This was demonstrated under in vitro as well as in vivo 
conditions with a small organic model compound (fast green). In addition, when bFGF is 
delivered with the pectin in-situ gel, a significantly increased cell proliferation surrounding 
the gel was observed. 

Aloe pectin is more efficient than current commercial pectins including LM pectins, 
and polygalacturonic acid, and amidated LM pectins for in-situ gelation. A well-formed 
in-situ gel was only obtained with commercial polygalacturonic acid or LM pectin at a 
concentration 10 times higher than that for Aloe pectin. Current commercial LM pectins 
and polygalacturonic acids have a lower Gal A content (-75%), a much lower molecular 
weight (7-14 x 10 4 Da), and a DM of 15-50%. There are other polymers that can form a 
calcium gel. One example is alginate. However, alginate was not previously believed 
capable of forming a well defined in-situ gel at concentrations tested. Alginate is a 
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polysaccharide block copolymer consisting of guluronic acid (G) and manuronic acid (M) 
(Moe et al 9 In Food polysaccharides and their applications, pp 287-339 . Marcel Dekker, 
Inc. New York, 1995). These two residues in alginates exist as G-block, M-block, or 
alternating MG-block. Only the G-block is responsible for calcium gelation. The total G 
5 content varies widely dependent on the sources; the highest G content is -70 %. In 

addition, the alginate calcium gelation is inhibited by the presence of NaCl, which exists in 
the physiological fluids. 

Several other polymers have also been shown to be capable of in-situ gelation. 
However, most of them require a high polymer concentration for in-situ gel formation 

10 (>20%) (Poloxamer , PEO-PLLA diblock copoly, PEG-PLGA-PEG triblock copolymer, 
cellulose and acetophalate latex). Some of these polymers are not biodegradable, such as 
Poloxamer, or require manipulation of the temperature before administration (PEO-PLLA 
diblock copolymer) or during formulation (Pluronics and Gelrite). The thermally gelling 
polymers (Poloxamer, Pluronics, PEO-PLLA diblock copolymer, PEG-PLGA-PEG 

15 triblock copolymer, and Matrigel) also have the disadvantage of gelling before 
administration due to ambient temperature changes during packaging or storage. 
Furthermore, many of these polymers form only a hydrogel, a viscous but still flowing 
solution (e.g., Poloxamer and Pluronics). In addition, some polymer formulations require 
two different polymers or the application of a second component for gelation to occur. 

20 Pectin, especially the Aloe pectin, is advantageous over these polymers or compositions in 
that the polymer concentration required to achieve the in-situ gelation is very low (^0.25 
%, w/v) and can be even lower if a thickener is added. The preparation does not require 
temperature or pH adjustment, or application of a second component for the in-situ gelation 
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to occur. The gel is transparent, and there is no dramatic increase in gel cloudiness beyond 
certain concentration ranges as with PEG-PLGA-PEG triblock copolymer and Pluronics. 

The advancement of biotechnology is generating more and more protein-based 
therapeutics. Proteins are inherently unstable. Proper formulation and delivery are critical 
to their in vivo functions (Langer, Nature 392, 5-10, 1998; Putney and Burke, Nature 
Biotechnology 16, 153-157, 1998). The pectin in-situ gel is particularly suited for protein 
delivery because of its mild gelling conditions. Many protein agents are also intended to be 
delivered locally in a sustained manner, e.g., growth factors for wound healing and 
angiogenic factors for therapeutic angiogenesis. This can also be achieved with pectin in- 
situ gel. When bFGF was delivered with the Aloe pectin in-situ gel, a significantly 
increased cell proliferation surrounding the gel was observed. 

Based on the weight of the final composition or formulation, the physiologically 
active agent can vary from about 0.01 % to about over 90 %. The amount of the 
physiologically active agent used would depend on the type, form, and nature of the 
physiologically active agent. 

The range of the pectic substance can vary from about 0.01 % to about 40 %, based 
on the total weight of the composition, preferably from about 0. 1 % to about 20 %, and 
more preferably from about 0.25 % to about 2 %. The amount of the pectic substance used 
would depend on the type, form, and nature of the physiologically active agent. Optionally, 
a carrier or excipient may be used. 

A carrier used for this invention includes any pharmaceutically acceptable carrier, 
such as water; saline; a buffered aqueous solution; emulsion, such as oil/water emulsion; 
adjuvant; a wetting agent; tablet; and capsule. Based on the weight of the final 
composition or formulation, the carrier can vary from about 0 % to about 90 %. The 
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amount of carrier present would depend on the physiologically active agent and the manner 
by which the formulation or composition is to be delivered. 

Representative buffering agents include alkali or alkali earth carbonate, chloride, 
sulfate, phosphate, bicarbonate, citrate, borate, acetate, and succinate, and/or ammonium 
chloride. Representative preservatives include sodium bisulfite, sodium thiosulfate, 
ascorbate, benzalkonium chloride, chlorobutanol, thimerosal, phenylmercuric borate, 
paraben, benzylalcohol, and phenylethanol. 

Thus, one embodiment of the current invention is to provide a composition for the 
sustained delivery of a physiologically active compound, and the composition contains a 
pectin and a physiologically active compound with or without a pharmaceutically 
acceptable thickener. Preferably, the composition changes from a liquid to a gel upon 
administration of the composition to the body of an animal, and thus the release of the 
physiologically active compound is sustained or controlled. 

A biodegradable thickener such as polyvinylpyrrolidone ("PVP"), 
carboxymethylcellulose ("CMC"), hydroxyethylcellulose ("HPMC"), sodium alginate, 
collagen, gelatin, and hyaluronic acid may be added to the formulation. Addition of such a 
thickener does not influence the gelling efficiency as described below, but provides an 
advantage of enhancing the density of the gel matrix and the in-situ gel formation at lower 
pectin concentrations. In addition, polymers that are responsive to changes in pH, ionic 
strength, and temperature may also be used as long as they are synergistic with the pectin 
gelation. Furthermore, a blend of different pectins may be used with or without a 
thickener. Other thickeners include Carbopol, Gelrite, chitosan, and xyloglucan. Based on 
the weight of the final composition or formulation, the thickener can vary from about 0 % 
to about 90 %. The amount of biodegradable thickener used would depend on the 
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physiologically active agent and the manner of which the composition or formulation is 
used. 

Still another embodiment of the current invention is to provide a composition 
consisting of a pectin with or without a pharmaceutically acceptable thickener for use as a 
medical device. 

Preferably, the pectic substance is calcium reactive, in that the carboxylate 
substituent groups of the galacturonic acid monomelic subunits of the pectin can react to 
coordinate calcium ions, and thereby form calcium crosslinked gels. The formation of such 
calcium reactive gels can be determined by various spectroscopic and/or wet chemical 
methods, including reaction of the crosslinked gels with calcium chelating agents, such as 
ethylenediamine-tetraacetic acid and its salts ("EDTA"), which can be used to remove the 
coordinated calcium from the gel and thereby cause dissolution of the gel. 

More preferably, the pectic substance is a LM pectin or polygalacturonic acid. Still 
more preferably, the pectic substance is Aloe pectin. 

A pectin in-situ gelling compositions containing a therapeutic or diagnostic agent(s) 
may be administered or delivered to the animal by various means. For example, it may be 
applied topically to the eyes, mucosal surfaces, or wounds. It may also be delivered 
parenterally, such as subcutaneously, intramuscularly, or via intraperitoneal injection. It 
may also be injected into an organ, a joint cavity, or a tumor. 

Pectin can be extracted from many different plant sources. Besides citrus and 
apples, for example, pectin has also been obtained from potatoes, grape fruits, sugar beets, 
and sunflower heads. Pectin may be modified. For example, an amidated pectin is 
produced by treatment with ammonia. It is conceivable that an Aloe-pectin-like pectin may 
be present in a different plant species or a pectin from a different plant source may be 
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produced, re-processed, and/or modified in a way to enhance the in-situ gelling ability 
based on the principles disclosed herein. Furthermore, although an LM pectin with a DM < 
50% is preferred for use in the present invention because of its calcium reactivity, certain 
HM pectins are also known to be calcium-sensitive and capable of forming calcium gel, 
and may therefore be used for in-situ gelling (Tibbits et al, Carbohydrate research 310, 
101-107, 1998). In addition, a block wise de-esterified HM pectin that still has a DM of 
>50%, but is rendered calcium sensitive by the block wise de-esterification, may also be 
used. See, Christensen et al U. S. No. 6,083,540. 

Thus, it should be appreciated by those skilled in the art that the specific 
embodiments disclosed above may be readily utilized as a basis for modifying or designing 
other structures for carrying out the same purposes of the present invention. It should also 
be realized by those skilled in the art that such equivalent constructions do not depart from 
the spirit and scope of the invention as set forth in the appended claims and/or examples. 

EXAMPLE 1 
In-situ Gelation of Aloe Pectins 

Extraction of Aloe pectin 

Aloe pectin was extracted from cell wall fibers prepared from either pulp or rind of 
Aloe vera leaves. The general methods of extracting pectins have been reported. See, 
Voragen et al, In Food polysaccharides and their applications, pp 287-339. Marcel 
Dekker, Inc. New York, 1995. See also, U.S. Patent No. 5,929,051, the entire content of 
which is hereby specifically incorporated by reference. The extraction of Aloe pectin was 
achieved with a chelating agent such as EDTA or under other conditions including hot 
water, hot diluted acid (HC1, pH 1.5-3), and cold diluted base (NaOH and Na 2 C0 3 ; pH 10). 
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Following the initial extraction, the remaining fibers were removed by coarse and 
fine filtrations. The pectin was precipitated with ethanol. The pectin precipitates were 
further rinsed with ethanol solutions before being dried. 

Aloe pectins obtained in this manner from either pulp or rind cell wall fibers were 
characterized with a molecular weight (>1 x 10 5 Da), a low DM (< 50%), and a Gal A 
content (>80 %). Preferably, the molecular weight was >1 x 10 6 Da, the DM was <10%, 
and the Gal A content was >90%. 

The molecular weight of the pectins was determined by HPLC-based size exclusion 
chromatography with pullulan as the standard. DM was determined by a selective 
reduction method (Maness et al., Analytical Biochemistry 185, 346-352, 1990) and a 
HPLC-based method (Voragen et al, Food Hydrocolloids, 1, 65-70, 1986). Gal A content 
was determined by m-hydroxyldiphenyl method (Blumenkrantz, N. and Asboe-Hansen, G. 
Analytical Biochemistry 54, 484-489, 1973). The content of each of these three references 
is hereby incorporated by reference. 

In-situ gelation of Aloe Pectin Solutions Administered by Injection In Vivo 

Aloe pectin was first dissolved in sterile deionized water and then mixed with equal 
volume of 2 x physiological saline (0.3 M NaCl). Aloe pectin could not be readily 
dissolved in salt solution. However, once dissolved in water, the pectin can be mixed with 
the salt solution to achieve the physiological ionic strength. The pectin solution in 
physiological saline obtained in this manner remained clear. The pectin solutions were 
free-flowing at room temperature and had a pH of 5.0-6.0 depending on the polymer 
concentrations. No adjustment of temperature or pH was performed unless otherwise 
indicated. The preparation was injected subcutaneously into lower abdominal regions of 
Swiss Webster mice (0.05 or 0.1 ml per site) in accordance with the animal use protocols. 
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Mice were sacrificed at various times following injection and the gel formation was 
examined. 

The swelling of the skin at the injection site did not disappear over time as in the 
case of the saline control. When the skin over the injection site was surgically incised, a 
piece of gel shaped like a ball or an oval was observed. The gel was clear, transparent, and 
firm. It could be readily separated from surrounding tissues. The gel was surgically 
excised along with skin, fixed in formalin, sectioned, stained with H&E, and examined 
under the microscope. The gel was only lightly stained but was clearly visible and 
surrounded by the dermal tissues. The same in-situ gelation was also observed in rats. The 
swelling at the injection site was not as evident in rats as in mice due to the thicker skin and 
hair coat. However, when skin at the injection site was surgically incised, the same in-situ 
gel was observed. With rats, one ml of Aloe pectin solution could be injected 
subcutaneously at the lower abdominal region and correspondingly much larger gel pieces 
were obtained. 

The gel formation is pectin concentration-dependent. At a concentration of 
X 0.25% (w/v), a solid firm gel was obtained. No gel formation was observed at a 0.1% 
(w/v). At concentrations between 0.1% and 0.25 %, a soft gel was obtained. 

The in-situ gel also formed when the pH of the Aloe pectin solution was adjusted to 
-7.2 with dilute sodium hydroxide. 

The in-situ gelling ability is dependent on the molecular weight of Aloe pectin. 
When an Aloe pectin with a much reduced molecular weight (~3 x 10 4 Da) but the same 
DM and Gal A content was used, no in-situ gelation was observed when tested at 0.5% 
(w/v). 
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The in-situ gel also formed following injection through intraperitoneal and 
intramuscular routes although the gel formed did not appear to have as uniform a shape as 
that formed following subcutaneous injection. 

EXAMPLE 2 

In-situ Gelation Following Topical Application To A Wound Surface 

Aloe pectin preparation (0.5 %, w/v) in physiological saline was directly applied to 
fresh full-thickness excisional skin wounds on mice or rats. A 0.5 % (w/v) CMC 
preparation in physiological saline and a commercial hydrogel wound dressing were used 
as a control. The wounds were made with a biopsy punch in accordance with animal use 
protocols. After 4 hrs, rats were sacrificed and wounds surgically removed. Wounds were 
fixed in formalin, sectioned, and stained with H&E. A layer of gel was clearly visually 
observable on the surface of wounds with the Aloe pectin preparation but not with CMC or 
the commercial hydrogel wound dressing. 

EXAMPLE 3 

Pectin In-Situ Gelation Mediated by Calcium Ions in Body Fluids, 
As Measured by A Gel Frontal Migration Assay 
Body fluids such as blood, lacrimal fluid, lung fluid and nasal secretions contain 
calcium ions (8.5-10.3 mEq/dl in blood, for example). Since Aloe pectin forms calcium 
gel, the role of calcium in the in-situ gelation of Aloe pectin was examined using an in vitro 
gelling assay with animal serum that simulates in-situ gel formation. This in vitro assay is 
described as a gel frontal migration assay. Animal serum was placed at the bottom of a 
glass tube and the Aloe pectin solution was layered on top of the serum (the pectin solution 
may also be placed at the bottom of the tube dependent on the density of the test solution in 
relation to the pectin solution). Tissue culture grade normal calf serum was used. Two ml 



43 

ATTORNEY DOCKET NO. 04137.0003U3 

of serum was placed at the bottom of a glass tube (0.8 x 1 1 cm) and 1 ml pectin solution 
(0.5-0.75 %, w/v) was placed on top of it. 

Gel formation was immediate at the contact line (interface of the solutions) and the 
gel phase or gel front gradually extended upward in the pectin solution over time. The gel 
formed in the upper pectin phase can be distinguished from the pectin solution by its 
increased turbidity when examined under a light source. Also, tilting the tube does not 
move the interface if a gel is formed. The thickness of the gel formed at the interface can 
be measured over time (such measurements are referred to as "gel length" hereinbelow). 

However, if the body fluid such as serum was first dialyzed against saline or EDTA 
(a chelator for divalent cations) to remove free calcium from the solution, or EGTA (a 
specific chelator for calcium) was added to the serum to a final concentration of 10 mM, no 
gel formation was observed. This is evidence that indicates that the calcium ions present in 
body fluids is involved in pectin in-situ gelation. 

The pectin gelation also occurred when tested in similar in- vivo experiments with 
heparinized whole mouse blood or plasma isolated therefrom. 

EXAMPLE 4 
Pectin In-Situ Gelation with Other Body Fluids 
Besides serum or blood, there are many other types of calcium containing body 
fluids such as tear fluid, lung fluid, and nasal fluid. To determine if the pectin gelation also 
occurred in in-vitro experiments with other body fluids, the gel frontal migration assay 
described in Example 3 was used along with Aloe pectin (0.25% in saline). 

The gel formation occurred with natural peritoneal fluid. In this case, the ascites 
from mice injected with hybridoma for monoclonal antibody production was used as 
peritoneal fluid. 
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Gel formation also occurred with simulated body fluids such as: : 

1 . Tear fluid (0.68 g NaCl, 0.22 g NaHC0 3 , 0.008 g CaCl 2 .2H 2 0, and 0. 14 g KC1 per 
100 ml. {See, Stjernschantz and Asitin, in Edman, P. (ed.), "Biopharmaceutics of 
Ocular Drug Delivery/' CRC Press, Boca Raton, pp. 1-15, 1993. Alternatively, 
0.268 g bovine serum albumin, 0.268 g lysozyme, 0.134 g globulin, 0.008 g 
CaCl 2 .2H 2 0, 0.650 g D-glucose, and 0.658 g NaCl per 100 ml. See, Cohen et al, 
Journal of Controlled Release 44, 201-208, 1997); 

2. Lung fluid (0.01 g MgCl 2 .6H 2 0, 0.61 g NaCl, 0.03 g KC1, 0.027 g Na 2 HP0 4 .7H 2 0, 
0.007 g Na 2 S0 4 , 0.018 g CaCl 2 .2H 2 0, 0.095 g NaHC 2 0 2 .3H 2 0, 0.26 g NaHC0 3 , 
and 0.01 g Na 3 H 5 C 6 07.2H 2 0 per 100 ml. See, Fisher and Briant, Radiation 
Protection Dosimetry, 53, 263-267, 1994); and 

3. Nasal secretion (0.867 g NaCl, 0.44 g Na 2 HP0 4 , 0.108 g NaH 2 P0 4 , 0.058 g 
CaCl 2 .2H 2 0, 0.31 g KC1 0.636 g albumin per 100 ml. See, Lorin et aL, Journal of 
Laboratory Clinical Medicine, 2, 275-267, 1994). 

EXAMPLE 5 
NaCl Enhances Pectin Calcium Gelation 
Body fluids such as blood and lacrimal fluids also contain sodium ions (135-146 
mEq/L in blood). NaCl has been shown to enhance the calcium gelation of LM pectins. 
Pharmacological preparations for topical or parenteral use are commonly prepared in a 
buffered or non-buffered physiological saline (0.15 M NaCl) or isotonic solution. To 
determine if the enhancement of gelation induced by NaCl solutions also occurs with Aloe 
pectin, the gel frontal migration assay was used. Aloe pectin (0.5 %, w/v) solutions 
prepared in 0.15 M NaCl (2 ml) were placed at the bottom of the tube and a less dense 100 
mM CaCl 2 solution (0.05 ml) was placed on top of the pectin solution. The gel formed, 
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extending downward in the pectin solution over time. The migration of the gel front 
downward into the pectin solution was measured at intervals following the addition of 
CaCl 2 . The results showed that the gel front migrated faster in the presence of NaCl, i.e., 
the calcium gelation of Aloe pectin was enhanced by the presence of NaCl (See Figure 1). 
The effect of NaCl was also calcium concentration dose-dependent; as the gel migration 
rate was faster in 0. 15 M NaCl than in 0.05 M NaCl. 

These observations are consistent with previous findings with other LM pectins 
(Gamier et aL, Carbohydrate Research 240, 219-232, 1993; 256, 71-81, 1994). 
Figure 1 is a bar graph representing the relationship of NaCl to the calcium gelation of 
Aloe pectin. 

EXAMPLE 6 

Pectin In-Situ Gelation is Faster at Low Pectin Concentrations 

The gel frontal migration assay described above was used. Aloe pectin at various 
concentrations in saline (1 ml) was applied onto the normal calf serum (2 ml). After 18 hrs 
at room temperature, the length of gels formed (i.e. gel thickness) was measured. The 
initial gelation at the contact phase is immediate regardless of the pectin concentration. 
However, the rate at which the gel length grew over time differed at different pectin 
concentrations. It was found that the lower the pectin concentration, the faster the gelation; 
as the length of the gel formed at 0.05% (w/v) was nearly 5 times longer than that at 0.5% 
(w/v) (See Figure 2). The gel formed at low concentrations (<0.2%, w/v) was much softer 
and could be broken by strong agitation. 

The same observation was also made when a calcium chloride solution was used to 
replace the serum. This indicates that the rate of pectin calcium gelation is higher at lower 
pectin concentrations. 
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EXAMPLE 7 

Addition of Other Polymers or Thickeners Enhances the Pectin 
In-Situ Gel Formation 

The gel frontal migration assay described above was used. Polymers such as 
hydroxyethylcellulose (HEC, 0.45%, w/v) , carboxymethylcellulose (CMC, 0.45%, w/v), 
or sodium alginate (0.45%, w/v) were mixed with Aloe pectin (0.05%, w/v). Sodium 
alginate, although capable forming calcium gel with CaCl 2 solutions under in vitro 
conditions, did not form an in-situ gel with the serum. One ml of the polymer solutions 
were applied onto 2 ml normal calf serum in a gel frontal migration assay. The length of 
gels formed was measured 18 hrs later. The results showed that addition of other polymers 
did not influence the rate of the pectin in-situ gelation {See Figures 3A and 3B). The same 
result was also obtained when the polymer was mixed with Aloe pectin at a different ratio 
(0.4% vs 0.1%). 

In an in vivo mouse experiment similar to those described in Example 1, a mixture 
of Aloe pectin (0.375%, w/v) and CMC (0.375%, w/v) in saline formed an in-situ gel 
following subcutaneous injection to the mouse. In addition, the addition of a thickener 
(sodium alginate or HEC at 0.4% or 0.3%, w/v) resulted in a better formed in-situ gel at 
lower Aloe pectin concentrations (0.1% or 0.2%, w/v) in which the in-situ gels were either 
soft or not formed with Aloe pectin alone (Example 1). 

EXAMPLE 8 
Comparison with Other Pectins and Alginates 

Several polysaccharides other than Aloe Pectin that are capable of calcium gelation 
were used in in-vivo gelation experiments. The other polysaccharides included an LM 
pectin from citrus with a DM of 28% and a polygalacturonic acid prepared from apple 
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pectin (DM=0), both of which were obtained from Sigma Chemical Co., and an amidated 
pectin with a DM of 28-34 % and a DA (degree of amidation) of 16-22 %. Before use, 
they were dissolved in de-ionized water, filtered, ethanol precipitated, and dried. 

In-situ gelation experiments injecting mice with the solutions of the other pectins by 
subcutaneous route was performed as described in Example 1 . Four injection sites on two 
mice were used for each sample. The results showed that following subcutaneous 
injection, no in-situ gel formation was clearly observed with any of the alternative 
polysaccharides at a concentration of 1.0 or 1.65 % (w/v), as only smear-like gel 
substances were observed. However, when tested at a higher concentration (3.0 or 3.3 %, 
w/v), well formed gels were obtained with both polygalacturonic acid and amidated LM 
pectin. 

Similarly, the low molecular weight of Aloe pectin described in Example 1 also 
gelled in situ at a high concentration (2.5 %, w/v). 

An HM citrus pectin with a DM of 64 % was also tested. It was prepared in the 
same way as that for the LM pectins. No gel formation was observed for the HM pectin at 
a concentration of 3 % (w/v). The injection site was wet and watery and no solid gel pieces 
were observed. 

Alginates were also tested, including Keltone HVCR and the high G alginate 
Manugel DMB (G content, 60-70%) at a concentration of 0.5 %. Only a smear-like gel 
substance was observed when examined 4 hrs post subcutaneous injection, indicating that 
most of the materials had diffused away without gelling. The alginates also did not form a 
gel with the normal animal serum in the in vitro in-situ gelation assay as described above 
(Example 7). These results together showed that the LM pectin, polygalacturonic acid, 
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amidated LM pectin, and alginate are much less efficient than Aloe pectin for in-situ 
gelation, under the same concentrations. 

EXAMPLE 9 

Delivery of Physiologically Active Agents by Pectin In-Situ Gel 

For the in-situ gelation to be used for drug delivery, the phenomena must occur in 
the presence of the drug or diagnostic agents. Thus, various compounds or agents were 
mixed with Aloe pectin in physiological saline with a final pectin concentration of 0.5% 
(w/v). The experimental agents included a small molecule organic compound (fast green, 
Af-Ethyl-AK4-[(4-{ethyl[(3-su^ 

sulfophenyl)methylene]-2,5-cyclohexadien-l-ylidene)-3-sulfobenzenemethanaminium 
hydroxide inner salt, disodium salt, 808 Da, 10 mg/ml), a small protein (bFGF, 17 kDa,10 
/xg/ml), a medium-sized protein (bovine serum albumin, 66 kDa, 10 mg/ml), a large-size 
protein (type I bovine collagen, 2 mg/ml), a nucleic acid (Lamda DNA Hind III fragments, 
200 Mg/ml), a carbohydrate polymer (CMC, 0.5%, w/v), and Raw 264.7 cells (a mouse 
macrophage line, 1 x 10 8 /ml). The mixtures were injected subcutaneously into mice. Gel 
formation was then examined 4 hrs after injection. The results showed that the in-situ gel 
formation occurred in the presence of all the agents occurred similarly to the gels formed 
with the Aloe pectin alone controls. 

Furthermore, by gel frontal migration assay, the in-situ gelation of a 0.5% (w/v) 
Aloe pectin solution also occurred in the presence of 1) 0.1% (w/v) silvadene (silver 
sufadiazine), a poorly soluble anti-bacteria agent commonly used for wound treatment, 2) 
0.5% (w/v) hydroxyethyl cellulose (HEC), and 3) 0.5% (w/v) sodium alginate (Keltone 
HVCR, Kelco). The presence of 0.5% (w/v) HEC or sodium alginate did not influence the 
efficiency of the in-situ gelation as described in Example 6. 
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Thus, the fact that the in-situ gelation occurred with these many different agents 
clearly indicates that the pectin in-situ gel can be used for delivery of a wide range of drug 
agents. 

EXAMPLE 10 

Slow Release of a Small Organic Compound from Pectin In-Situ Gels 

Under In Vitro Condition 
Therapeutic and diagnostic agents vary greatly in molecular weight, from ~ 100 Da 
to over 10,000 Da. Generally, the smaller the compound, the more difficult to achieve a 
slow release effect. Here the small organic compound fast green, a dye which is widely 
used in the food and pharmaceutical industry, was chosen as a test compound. The dye 
was mixed with Aloe pectin (0.5%, w/v) in saline at a fast green concentration of 1 mg/ml. 
A pectin-free 1 mg/ml dye solution in saline only was used as a control. One ml of the 
dye/pectin preparation or the control was placed into a dialysis tube (1 cm in diameter) 
with a 12 kDa cut-off. Dialysis tubes with samples were then placed into 25 ml normal calf 
serum in 30- ml glass tubes. One serum tube receiving the dye/Aloe pectin solution also 
received EDTA to a final concentration of 10 mM to prevent calcium gelation. The serum 
tubes containing the samples were then shaken continuously at 100 rpm on a rotatory 
shaker. A small amount of serum (100 fil) was sampled at various time points. The 
amount of dye released into the serum was determined by measuring the OD at 620 nm. 
Serum samples with known amounts of fast green were used to establish the standard 
curve. The results showed that similar amounts of fast green were released from the 
control and dye/Aloe pectin with EDTA (without gel formation) and the amount of the dye 
released from the dye/Aloe pectin without EDTA (with gel formation) was significantly 
lower (p<0.05; student t-test) at the time points measured (See Figure 4). This indicates 
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that the presence of Aloe pectin and its gelation significantly slowed the release of the 
model small molecule pharmaceutical agent. 

EXAMPLE 11 

Slow Release of a Small Organic Compound from Pectin In-Situ Gels following 

Subcutaneous Injection 

To determine if the above observed slow release could be obtained under in vivo 
conditions, the fast green (1 mg/ml)/Aloe pectin (0.5%, w/v) in physiological saline or fast 
green in physiological saline alone was injected subcutaneously into mice. The injection 
sites (two per sample) were examined 4 hrs later. It was found that with the presence of 
pectin, in-situ gels were formed which partially retained the dye although the color was not 
as strong as the original preparation prior to injection. In contrast, the injection sites of the 
control had no gel and no color, and thus no retained dye. Therefore, the pectin in-situ gel 
retained the dye and indeed slowed the release under the in vivo condition. 

EXAMPLE 12 
Local Delivery of bFGF by Aloe Pectin In-Situ Gel 
For growth factors to exert local effect on tissues surrounding the administration 
site, they need to be delivered in a matrix to allow them to be released in a slow or 
sustained manner. A delivery in saline or buffer alone is not effective in this regard. In 
this example, a growth factor (bFGF) was used. bFGF (basic fibroblast growth factor or 
FGF-2) is a growth factor known to stimulate fibroblast proliferation and angiogenesis or 
blood vessel formation. It was mixed with Aloe pectin (0.5%, w/v) in physiological saline 
at a concentration of 1-10 /xg/ml and then injected subcutaneously into the lower left or 
right side of abdominal region of mice. One side received the control (pectin alone), and 
the other side received the bFGF-containing preparation. The in-situ gels from two mice 
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were harvested along with skin at days 5-10 and subjected to fixation in formalin, 
sectioning, and H&E staining. Two identical areas, at either end of the gel, vertically 
between the gel surface and the skin muscle layer and horizontally 510 /xm inward from the 
lateral end of the gel were selected, and the cells in these two selected areas from each gel 
were numerated using the NIH image software. The results showed that the cell number 
was more than 2 times higher in bFGF-treated than the control (Figure 5). An increase in 
blood vessel formation surrounding the gel was also observed at a high bFGF concentration 
(10 /ig/ml). This indicates that bFGF was released from the in-situ gel and exerted its 
function in the surrounding tissues. 

EXAMPLE 13 
In-Situ Gelation of a Dried Pectin Composition 

A mixture of an Aloe pectin and CMC (0.75% by weight each) and 1 .5% CMC 
prepared in water were lyophilized in weighing trays, separately. The dried materials were 
cut out as round pads (about 1 cm in diameter and about 3 mm in thickness) and were 
immersed in a 10 ml of normal calf serum in a petri dish. The Aloe pectin/CMC pad 
formed a clear gel which remained intact for four days until the experiments were 
terminated, whereas pads containing CMC alone were dissolved or disappeared in a few 
hours under the same conditions. Thus, these results show that pectin in a dried form can 
also form a gel after being immersed in a body fluid. 

EXAMPLE 14 

Use of Pectin In-Situ Gel for Drug Delivery: Formulation Process 

The pectin in-situ gel can be used to provide a physiologically acceptable 
composition that contains a therapeutic or diagnostic agent and a low concentration of a 
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gelling polymer (pectin) with a pH and osmotic pressure characteristic of the body fluids, 
and that has the capability to change from liquid to gel upon administration. 

The process to prepare a liquid formulation includes the following steps. 

1 . Pectin is dissolved in sterile water. 

2. A buffered or non-buffered saline is prepared. 

3. The two solutions are mixed. 

4. A physiologically active compound is added to the preparation at step 3. The 
physiologically active agent may alternatively be added to either solution before 
mixing. 

Besides water and buffered or non-buffered saline or aqueous solution, other 
pharmaceutically acceptable carriers may also be used, including emulsions such as an 
oil/water emulsion, adjuvant, various types of wetting agents, tablets, and capsules. 

The pH of the formulation is adjusted with suitable buffering agents such as boric 
acid-sodium borate, sodium phosphate (monobasic)-sodium phosphate (dibasic), and Tris- 
HC1. Osmotic pressure of the formulation is adjusted to mimic that of body fluids with 
salts such as NaCl, KCL and MgCl 2 , and other osmotic adjusting agents such as sorbitol, 
sucrose, glycerin, and mannitol. 

A pharmaceutically acceptable thickener may be added. The thickener can be 
polyvinylpyrrolidone ("PVP"), modified cellulose polymers such as 
carboxymethylcellulose ("CMC"), hydroxymethylcellulose ("HPMC"), 
hydroxyethylcellulose ("HEC"), alginate, gelatin, dextran, cyclodextrin, or hyaluronic acid. 

The formulation may be stored at room temperature or refrigerated (4 °C). If the 
formulation contains -0.15 M NaCl, a (sodium) gel is formed when it is stored at 4 °C. 
Prior to application, the gel is allowed to revert back to solution at room temperature. For 
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drug or therapeutic agents that are particulate, prone to aggregate formation, or have a low 
water solubility such as silvadene (silver sulfadiazine), storage in a gel matrix may be 
advantageous because it may prevent aggregate or precipitate formation. 

Alternatively, the formulation may be prepared in a dried form. A mixture of a 
pectin and a physiologically active agent in buffered or non-buffered water or saline are 
lyophilized. Alternatively, a pectin powder and a dry physiologically active agent are 
blended and compressed into a desired form. The dried form may be used as a pad, a 
tablet, a capsule, or a powder. 

The relative amounts of the physiologically active agent and the pectic substance in 
the formulation or composition can vary widely dependent on the particular agent to be 
delivered. In a liquid formulation, the agent can range from about 0.01 % to about 50 % 
(w/v) while the pectic substance can range from about 0.01 % to about 40 % (w/v). In a 
dried or suspended formulation, either the agent or the pectic substance can range up to 
over 90 % (w/w). 

EXAMPLE 15. 

Preparation of Pharmaceutical Powder Formulations Comprising Assorted 
Anionic Polysaccharides, and Their Gel-Forming Properties 

Powder formulations comprising model active agents, various anionic 
polysaccharides, thickeners, and an optional excipients, as detailed below in Table 2 were 
prepared. The ionic polymers used to prepare the formulation are listed below. 

High Molecular Weight Aloe pectin, (HMW AP), DM < 10%, Mw > 1.0 x 10 6 Da 
Low Molecular Weight Aloe pectin (LMW AP) DM < 10%, Mw- 1.3 x 10 5 Da 
Polygalacturonic acid, (Poly Gal A) from Sigma, DM < 3%, Mw = 1.7 x 10 5 Da 
Low Molecular Weight Pectin (LM Pectin) DM = 26%, Sigma, Mw= 2.0 x 10 5 Da 
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Alginate, medium viscosity, Sigma Chemical Co. 

Molecular weights were determined by Size Exclusion Chromatography using 
pullulan as a standard via the procedure described in example 10 of US Patent No 5929051. 
SEC was performed using TSK-Gel G5000 PWX column (Toso Haas). Samples were 
prepared at 0.3 mg/ml in water with 0.05% (w/v) sodium azide. 50 fil of the sample was 
injected and eluted with 0.05% sodium azide at 1 ml/min. Refractive index was measured 
in line. Pullulans (4.04 x 10 5 , 7.88 x 10 5 , and 1.66xl0 6 Da) were used as standards. The 
molecular weight was calculated against the linear regression line of the standards. 

The now commercially available Aloe pectins are highly purified and micro-filtered 
and are made under cGMP (current Good Manufacturing Practice). The other 
polysaccharides listed in the table above all contained a considerable amount of insoluble 
material and produced cloudy solutions when dissolved in water. They were all micro- 
filtered to remove insoluble materials, precipitated with alcohol, and dried before use. 
Bovine serum albumin (BSA) and lysozyme were initially used as pharmaceutically active 
agent. BSA is widely used for examining various pharmaceutical formulations as a model 
agent, especially those for protein delivery. Lysozyme is known to be antibacterial. 
Povidone (polyvinylpyrrolidone, K29-32) was used as a thickener and lactose was used as 
a excipients, and both were obtained from Sigma Chemical Co. 

Powders formulations were made by preparing a liquid mixture of all the 
ingredients listed in Table 2 and then lyophylizing the solution, to form a lyophilized solid. 
The compositions of both the liquid precursor solutions and the final powders are shown in 
Table 2. 

TABLE 2 

Sample Compositions 

liquid (%, w/v) and dried (%, w/w)* 

#1 #2 #3 ~ #4 #5 
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Sample Compositions 







liquid (%, w/v) and dried (%, w/w)* 




trx 


#2 


TT-J 


ft 4 * 


#5 


Polymer 


HMW AP 


LMW AP 


LM pectin 


PolyGal A 


Alginate 




0.4 


0.8 


0.8 


0.8 


0.8 




(0.03) 


(0.06) 


(0.06) 


(0.06) 


(0.06) 


Povidone 


7.5 


7.5 


7.5 


7.5 


7.5 




(57.69) 


(56.39) 


(56.39) 


(56.39) 


56.39) 


Lactose 


5 


5 


5 


5 


5 




(38.46) 


(37.59) 


(37.59) 


(37.59) 


(37.59) 


Active agent 


0.1 


0.1 


0.1 


0.1 


0.1 


(BSA or lysozyme) 


(0.0077) 


(0.075) 


(0.075) 


(0.075) 


(0.075) 



*Numbers in parenthesis indicate the percent content of each ingredient in dried form on the 
moisture- free basis (w/w). 



The lypholized solids were milled using an Eberbach blender with a micro- 
container. The resulting powder was sieved using a sterile 100 jam nylon membrane sieve 
to produce powders with a particle size < 100 |j,m and then sequentially with sterile nylon 
5 membranes of various pore sizes (40, 70, and 100 |im; Cell strainer, Becton Dickinson 
Labware), yielding powders of various particle sizes (<40, 40-70, and 70-100 jam). The > 
100 j^m particles were also further sieved using a 200 |im sieve to produce 100 —200 |um 
particles. The sieving was performed under vacuum using a glass filter holder and the 
powders were collected onto a 0.22 jam membrane. The powders were stored at room 
10 temperature. 

Control powders were also made with formulations having all components, except 
for the ionic polymers. 

Two powder formulations made with HMW Aloe pectin according to Table 2, one 
sample with BSA and another control without BSA, were prepared, milled, and sieved to < 
15 100 ixm. The moisture content of both these two samples was determined to be 2-3 % 
(w/w) using a moisture analyzer at a drying temperature of 120 °C. 

EXAMPLE 16 
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Gelation Properties of Powder Formulations. 

To demonstrate gel formation properties of the powder formulations whose 
preparation is detailed in Example 15, powders (10 mg, < 100 |Lim) made with the various 
pectins and alginate were suspended in 2 ml saline solutions. The saline solutions of one 
sample set comprised 3 mM calcium chloride, and the other did not comprise calcium 
chloride. In the presence of calcium, the powder particles hydrated but remained in the 
form of particles, and the suspension remained cloudy. Under the microscope, the powder 
particles in calcium saline changed into clear and transparent gel particles or pieces. In 
contrast, in the absence of the calcium the particles quickly dissolved within ~ 10 min and 
the suspension changed into a clear solution (except for the powder made with the high 
molecular weight Aloe pectin, which is not readily soluble in typical NaCl saline but also 
does not gel in the saline, see discussion below). 

When the calcium chelating agent EDTA (10 mM) was added to the powders 
suspended in calcium saline describe above, the particles quickly dissolved within ~ 10 
min. 

Similar results were obtained when the powders made with pectins or alginate were 
suspended in normal calf serum. That is, powder particles remained in the form of solid 
particles after being suspended in calcium containing normal calf serum. But, upon 
addition of EDTA the particles mostly dissolved in ~ 10 minutes. Similar results were also 
obtained in simulated nasal fluid (0.867 g NaCl, 0.44 g Na 2 HP0 4 , 0.108 g NaH 2 P0 4 , 0.058 
g CaCl 2 .2H 2 0, 0.31 g KC1 per 100 ml. See, Lorin et ai, Journal of Laboratory Clinical 
Medicine, 2, 275-267, 1994). These experiments are evidence that the powder particles 
suspended in the solutions containing free calcium ions formed a calcium crosslinked gel, 
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but in the absence of calcium, or if the calcium was removed from the gel by the chelating 
agent, no gel was formed or was stable, and the polysaccharide particles dissolve. 

As noted above, HMW Aloe pectin is soluble in water, but is not readily soluble or 
only partially soluble in NaCl saline or buffered saline. Powder particles comprising 
HMW Aloe pectin recovered from NaCl saline solutions by centrifugation (500 g for 5 
min) and re-suspended in water quickly dissolved in a few minutes. This behavior 
contrasts with particle made from low molecular weight LM pectins, polygalacturonic acid, 
LMW Aloe pectin, or alginate, which are readily soluble in both water and NaCl saline 
solutions.. Nevertheless, particles prepared from particles isolated from calcium- 
containing saline or normal calf serum solution remained in the form of particles when 
placed i water, indicating the various polysaccharide powder particles had all gelled in the 
presence of calcium ions. 

EXAMPLE 17 
Comparison of Solid and Liquid Formulation For 
Gel Formation and Control of Drug Release. 

Liquid formulations consisting of aqueous solutions of different anionic 
polysaccharides and Fast Green dye (1 mg/ml) were prepared. Fast Green was used to 
simulate a small molecule therapeutic agent. The concentrations of anionic polysaccharide 
polymers employed were 0.5% for HMW Aloe pectin, 1% for alginate, and 2% for 
polygalacturonic acid, LMW Aloe pectin, and LM citrus pectin. To prepare the solid 
formulations, 20 microliters of the aqueous formulations were placed on a weighing tray as 
a drop, lyophilized, and then recovered as a dried disc. 

The dried formulation discs, or 20 microliters of the liquid formulations, were 
placed in 3.5 mililiters of normal calf serum in 60 mm petri dishes, with or without the 
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addition of 10 mM EDTA,. The diffusion of the Fast Green dye, which simulates the 
release of a drug agent, was observed by measuring over time the diameter of green dye 
diffusion circle around the initial insertion points of the formulations. 

In normal calf serum without EDTA, the dried formulation discs remained in the 
form of a solid disc and gradually changed into clear and solid gel pieces. After 24 hours, 
when all the dye diffused away, the gels from the dried formulation tuned clear and 
transparent. The gel formation of the dried formulation was further confirmed by soaking 
the gel discs in saline with 10 mM EDTA, wherein it quickly dissolved in ~ 30 min. In 
normal calf serum containing EDTA, the dried formulation discs also gradually dissolved, 
as either a disc or film. 

In contrast, most of the liquid formulations gradually dissolved and/or diffused 
away, without formation of distinct gel pieces resembling the original drop, and formed 
only a thin layer of gel pieces as detected after gently shaking the petri dishes after 2 hours. 
Therefore it appears that the powder formulations gelled more effectively than the liquids. 
Nevertheless, when dropped into a 50 mM CaCl 2 solution though a 25 G needle, the liquid 
formulations all held together and formed gel beads. Nevertheless, liquid formulations 
made with HMW Aloe Pectin held together and formed a small piece of gel with a size 
only slightly bigger than the original drop size in the serum. This underscores the high 
efficiency for gel formation shown by the high molecular weight aloe pectins. Together, 
these observations indicate that the efficiency of in-situ gel formation of a dried 
formulation can be superior to that of a liquid formulation. 

The diameters of the diffusing Fast Green circle around the formulations immersed 
in normal calf serum with and without EDTA were measured over time with both dried and 
liquid formulations {see Figure 6). It appear that the gel formation in either solid or liquid 
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samples without EDTA slows the dye or drug release consistent with the observation that 
gel formation is more efficient with the dried formulation. The same observation was 
observed with all formulations, except for the dried formulation with HMW Aloe pectin 
which exhibited a dye diffusion that was only slightly faster in sera with EDTA than the 
one without EDTA. This may be related to that the fact that HMW Aloe pectin is less 
soluble or insoluble in saline, which again, is another distinct feature of the HMW Aloe 
pectin. 

EXAMPLE 18 

Use of Powders Comprising Soluble Calcium Salts to Induce In-Situ Gelation 
of Polysaccharide/Agent Powder Formulations 

Two powder formulations comprising a protein active agent (BSA) and a 
polysaccharide selected from LMW Aloe pectin or alginate (as described in Table 2, 
samples 2 and 5) were sieved to produce powders having particle sizes under 100 |im. A 
calcium-containing powder was made from a liquid formulation comprising 2.5% (w/v) 
polyvinylpyrrolidone, 10% (w/v) lactose, and 1% (w/v) calcium chloride, drying the 
solution, and grinding the solid and sieving the powder to particle sizes of <40 f^m, 
produce a gel inducing powder with a calcium chloride content of 7.4% after drying. The 
polysaccharide powders and gel inducing powders were mixed 4:1 by weight, resulting in a 
final calcium chloride content of the powder mixture of 1 .48% (w/w). 

The powder mixture was suspended in saline (5 mg in 1 ml). All three unmixed 
powders (i.e. pectin + protein, alginate + protein, and calcium-containing gel inducing 
powder dissolved when suspended individually in NaCl saline. Nevertheless, mixtures of 
the calcium gel inducing powder with powders comprising LMW Aloe pectin+ protein, or 
alginate + protein did not dissolve in NaCl saline. The same results were also obtained 
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with lysozyme as the active agent. These results suggest that the calcium containing 
powder induced the polysaccharide/protein powders to gel when in contact with a saline 
solution model of a body fluid. 

EXAMPLE 19 

Use of Powders Comprising Poorly Soluble Multi-Valent Cation Salts to Induce In- 
Situ Gellation of Polysaccharide/ Agent Powder Formulations. 

Aluminum hydroxide (Al(OH) 3 ) is poorly soluble in water, but has been approved 
as a pharmaceutical adjuvant for human use. An aluminum hydroxide suspension 
purchased from Sigma Chemical Co. was a whitish, cloudy, but homogenous particle 
suspension. An Aloe pectin solution (2 mg/ml in water) formed a gel when mixed with the 
insoluble aluminum hydroxide gel suspension, as indicated by the formation of visible 
large aggregates of aluminum hydroxide particles. The same observations were also 
observed with other pectins and alginate. The aggregates were large and easily visible 
when proper polymer/aluminum hydroxide ratio were reached. Similar results were also 
observed with calcium phosphate (Sigma Chemical Co.), although the aggregates formed 
were not as large as those with aluminum hydroxide. Both aluminum hydroxide and 
calcium phosphate are relatively insoluble materials (Merck Index, 13 th ed.), but these 
poorly soluble salts apparently ionized at the surface when hydrated, allowing reaction with 
the Aloe pectin. 

To further explore this observation, aluminum hydroxide and calcium phosphate 
powders were suspended in water or saline (10 mg/ml) and then mixed with HMW Aloe 
pectin solution at various final concentrations (2.5 - 0.0012 mg/ml). The same gel 
formation indicated by large aggregate formation was observed. The same observation was 
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also made with alginate, LM pectin, and polygalacturonic acid, indicating that it is possible 
to use poorly soluble metal divalent or multivalent cation salts as a gel-inducing agent. 

As an example, a powder formulation made with Aloe pectin (HMW) as in example 
15 was mixed with aluminum hydroxide powder at a 3:1 ratio. The mixtures (10 mg) were 
suspended in 2 ml saline. Large aggregates were immediately formed. Toluidine blue was 
added to the suspension to stain the ionic polymer powder particles. After 30 minutes or 
more, a small drop of the suspension was placed onto a glass slide and observed under a 
microscope. The aggregates consisted of both pink-stained formulation powder particle 
and the opaque grayish aluminum hydroxide particles, confirming the aggregate formation. 

As a second example, a powder formulation made with LMW Aloe pectin was 
mixed with aluminum hydroxide powder at 3: 1 ratio, and the powder mixture suspended in 
the saline. Although aggregates formed, there were few pink-stained formulation powder 
particles observed under the microscope and the aggregates appeared to consist primarily 
of the aluminum hydroxide particles. This indicates that the formulation powder particles 
dissolved and the insoluble salts did not cause gelation of the whole formulation particles. 

However, when the polysaccharide formulation/ aluminum hydroxide powder 
mixture was suspended in saline comprising 3 mM calcium chloride, the polysaccharide 
formulation particles were again observed, aggregates also formed consisting of the 
formulation particles and the aluminum hydroxide particles. The same aggregate formation 
was also observed when the mixture was suspended in normal calf serum. 

The poorly soluble metal ion salts may not easily penetrate polysaccharide 
containing formulation particles, and therefore may not cause gellation of the whole 
particles, and may only cause the polymer cross-linking or gellation on the surface of the 
particles. Because they are only poorly soluble, or close to insoluble, the undissolved 
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multi-valent cation-containing particles can act as a physical carrier for a gel, or as a long- 
lasting source of crosslinking divalent or multi-valent cations. Additionally, the 
formulation powder particles and the poorly soluble solid gel -inducing agents can cause 
the formation of gelled aggregate compositions. Dependent on the ratios and relative 
particle sizes of these two different powders in a mixture, the size and other characteristics 
of the aggregates formed can be varied and/or modulated. At a high or low ratio, the 
aggregate particles sizes can be very small, with one particle of one type surrounded by 
particles of another type, whereas at a ratio of -1, the particles can interconnect as a 
network, forming a large network. Therefore, aggregate gel complexes formed under 
various conditions can be used to modulate the physical, solubility, and time release 
characteristics of in-situ gels formed at a site of administration, such as mucosal surfaces 
and/or the nasal cavity. 

EXAMPLE 20 

Sustained release of pharmaceutical^ active agent from powder formulations 

The effect of in-situ gelling powder formulation on the release of the active agent 
was evaluated using simulated nasal fluid (SNF) as a release media. The powder 
formulations were made as above with various amounts of povidone and lactose, but all 
had same protein (BSA) content (0.1% on dry weight basis) {See Table 3). Control 
powders contained all components except for the ionic polymer (HMW Aloe pectin). 
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Table 3 



Formulation Composition 

liquid (%, w/v) and dried (%, w/w)* 

1 1 ^ ~ 2 2 







Control 




Control 


HMWAP 


0.4 


0 


0.4 


0 




(2.6) 


(0) 


(3.1) 


(0) 


Povidone 


15 


15 


2.5 


2.5 




(97.3) 


(99.93) 


(19.3) 


(19.97) 


Lactose 


0 


0 


10 


10 




(0) 


(0) 


(77.4) 


(79.9) 


BSA 


0.015 


0.015 


0.0125 


0.0125 




(0.097) 


(0.099) 


(0.097) 


(0.099) 



* on the moisture-free basis. 



Ten mg of powders were suspended in 0.25 ml SNF. After 30 min, the solution or 
5 supernatant was separated from the particles or pellet by centrifugation and the protein in 
the supernatant and pellet were analyzed by SDS gel electrophoresis and densitometry 
analysis. The percent release of the protein agent from each formulation was determined 
by the following formula - [protein in supernatant/(protein in supernatant + protein in 
pellet)] x 100%. It was observed that proteins were almost all released from the control 

10 powders (>90% released), which were all completely dissolved. On the contrary, the 
protein release was significantly slowed from powders with Aloe pectin; only 55% 
(formulation 1) or 68% (formulation 2) was released with powders made with the ionic 
polymer (Figure 7). Similar results were also obtained with lysozyme as the active agent. 
It was also found that protein release was faster from formulation 2 than formulation 1 . 

15 The formulation 2 had 2.5% PVP and 10% lactose, whereas formulation 1 contained 15% 
PVP and no lactose (Table 3). This indicates that the release rate can be further adjusted by 
the amount and type of excipients used. 
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EXAMPLE 21 

Physical Mixtures of Powders of Pharmacalogically Active Agents, Polysaccharides, 
Gel Inducing Compostions, and Other Excipients 

A powder formulation as in Table 2 is made in the absence of an active agent and 
sieved to an appropriate size. A powder of an active agent made with or without a 
pharmaceutically acceptable excipitent is then blended with the polymer powder. One or 
more solid gel inducing compositions as described elsewhere herein may also be optionally 
included. The mixture of powders is then delivered to an animal. 

EXAMPLE 22 

Intranasal Delivery of a Powder Vaccine Formulation Comprising 
An Antigen to an Animal. 

A powder vaccine formulation comprising high molecular weight Aloe pectin and a 
diphtheria toxin mutant CRM (DT-CRM) antigen was prepared by dissolving the 
components listed in Table 4 in an aqueous solution, lyophilizing the solution to produce a 
powder, grinding the powder, then sieving the powder. Control formulations containing all 
the ingredients except for the antigen were similarly prepared. 



Table 4 



Components 


Antigen 
formulation 

liquid (%, w/v) and dried 
(%, w/w) 


Control 
formulation 

liquid (%, w/v) and dried 
(%, w/w) 


HMW AP 


0.4 


0.4 




(3.1) 


(3.1) 


Povidone 


2.5 


2.5 




(19.4) 


(19.4) 


Lactose 


10 


10 




(77.5) 


(77.5) 


DT-CRM 


0.01 


0 




(0.077) 


(0) 
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The vaccine formulations were made to deliver 7.75 \ig antigen per 10 mg powder 
formulation. Rats weighing 200-250 grams were first anesthetized and 10 mg the powdesr 
were delivered into each nostril using a 200 ^1 pipette tip connected to a 5 ml syringe, 
using 3 ml of air through a rubber tube as previously described (Ryden and Edman, Int. J. 
Pharm. 83 (1992), pp. 1-10; Schipper et aL, Pharm. Res. 10 (1993), pp. 682-686). 

Serum samples were collected from the rats one week after inoculation and specific 
serum IgG (immunoglobulin G) was assayed via ELISA (enzyme-linked immunosorbent 
assay). The end point for IgG titer was determined as the reciprocal of the highest dilution 
that has an absorbance value 50% greater than the background (absorbance of the antigen- 
coated wells without serum added). 

The two rats that received the DT powder developed specific antibodies to the DT- 
CRM antigen with a mean IgG titer of 800 after only one week. The two control rats that 
received the control formulation having no DT-CRM antigen developed no such antibodies 
(Figure 8). This result indicates that nasally administering the powder vaccine formulation 
effectively induced a specific immune response in the rats. 

EXAMPLE 23 
Delivery of Powder Formulations to Animals Parenterally 
As described in Example 16, powder particles remain as particles or change into gel 
particles when suspended in calcium-containing saline. Thus, the powders may be injected 
as a particle suspension after being suspended in a calcium saline or calcium buffered 
saline. Alternatively, the formulation powders may be pre-mixed with calcium powders as 
described in example 17 wherein the powders are suspended in saline or buffered saline 
prior to injection into the tissues of an animal. The formulation powders described in 
Example 16 having a powder particle size < 100 \xm were employed, although smaller 
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powder particle sizes can be desirable for embodiments related to injection of suspended 
powders. 

Each powder (80 mg) was suspended in 0.4 ml saline containing 3 mM CaCl 2 and 
injected subcutaneously into mice (0.1 ml per injection site, two sites/mouse). At 4 hours 
post injection, the mice were sacrificed, the skin peeled open, and the injection sites were 
examined. A small nodule or swelling area representing the hydrated and gelled particles 
was observed at an injection site with powder formulations with an ionic polymer. In 
contrast, no such small nodule or swelling area was observed with the control powder made 
without an ionic polymer. Additionally, the injection sites were very moist, including those 
from the control, perhaps because of the presence of polyvinylpyrrolidone, which is a 
highly water-absorbing polymer. 

EXAMPLE 24 
Gelation of Liquid Formulations as Influenced By 
Exogenous GeUnducing Agents and Compositions 

A 0.6% (w/v) HMW Aloe pectin solution in water was mixed with calcium chloride 
dihydrate solutions at various concentrations, at an 1:1 ratio (1 ml to 1 ml) to achieve a 
final polymer concentration of 0.3% (w/v) and a final calcium chloride dihydrate 
concentration from 0.0019 -0.5% (w/v). See Table 5 below. The mixtures were 
immediately vortexed together, then the tubes were kept at room temperature and observed 
over time. A complete or partial gel formation clearly occurred upon mixing at a final 
calcium chloride concentration above 0.03125% (w/v) (2.125 mM) since the solution was 
completely or partially solidified and no longer free- flowing when tubes were tilted. At a 
concentration of 0.0156% CaCl 2 the viscosity of the solution was increased and granular 
gel pieces were present. However, at a final concentration of <0.0078% (0.53 mM) or 
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lower, there was no hint of gel formation and the mixture remained homogenous and 
remained so after more than 24 hrs. 

Table 5 

Concentrations (%, w/v, final)* 

0.5 0.25 0.125 0.0625 0.0313 0.0156 0.0078 0.0039 0.0019 0 

CaCl 2 .2H 2 0 + + + + + ± - - _ 

ZnCl 2 + + + + + ± . 

* + indicates whole gel formation, ± partial gel formation, and - no gel formation and solution 
remains clear and homogenous. 

To demonstrate that incorporation of the divalent cation can increase the in-situ 
gelation, a gel frontal migration assay with normal calf serum was performed as described 
in Example 3. Thus, 1 ml 3 mg/ml pectin solutions containing 0%, 0.0039%, or 0.0078% 
calcium chloride or zinc chloride was gently layered on to 3 ml normal calf serum in a 10 x 
75 mm glass test tubes. Starting at the interphase, gel gradually formed in the pectin 
solution phase. The gel could be readily identified under a light source due to its slightly 
increased turbidity as compared to the solution. Thus, the length (thickness) of gel in the 
pectin solution phase at the interface was measured over time. The results showed that gel 
formation increased at both exogenous calcium chloride concentrations tested when 
compared to the control that has no added calcium chloride (Figure 9). 

It should be noted that the results in Table 5 can be advantageously employed, in 
that small amounts of a divalent cation such as calcium or zinc (i.e. below about 0.0156 % 
(w/v) can be added to pectin/agent solution without causing significant gellation, with the 
unexpected result that when the solution is administered to a tissue or body fluid 
comprising calcium ions, improved gellation will be induced. 

EXAMPLE 25 

Effect of various monovalent cations on the solution properties of LM pectins 
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NaCl and NH 4 C1 were prepared in water at various concentrations. They were then 
mixed 1 : 1 v/v with solutions of LM pectin, HMW Aloe pectin, or a HM pectin. The HM 
pectin (DM=64%, Sigma chemical Co) was filtered to remove insoluble materials as 
described in Example 15. The solutions were then observed at room temperature for 1 hr. 
They were then cooled at 4 °C for 2 hrs or longer and examined again. 

The pectins with a degree of methylation below 50% exhibited a salt concentration- 
dependent precipitation of pectins at room temperature (see Tables 6 and 7). HMW Aloe 
pectin was most prone to precipitate formation, followed by the LM pectin. Using HMW 
Aloe pectin, a pectin concentration-dependent effect was also observed, i.e., pectin at a 
lower concentration is less prone to precipitate formation. For example, precipitate 
formation slowly occurred in 0.15 NaCl with a 0.5% HMW Aloe pectin solution, but not 
with a 0.1% pectin solution. In addition, there was an effect of molecular weight, since no 
precipitation was observed with 0.5% LMW Aloe pectin in 0.15 M NaCl. HM pectin 
solutions did not form precipitate or gel with either salt at any concentration or temperature 
tested. 



Table 6 











NaCl (M) 








0 


0.1 


0.15 


0.2 0.4 


0.6 


0.8 


1.0 


HMW AP 0.1% 


- (-) 


- (-) 


- (G) 


-(G) P(P) 


P(P) 


P(P) 


P(P) 


(MW=15xl0 5 ) 0.5% 


- (-) 


-(G/P) 


P(G/P) 


P(P) P(P) 


P(P) 


P(P) 


P(P) 


LM pectin (0.5%) 


- (-) 


- (-) 


- (-) 


- (-) - (-) 


P(P) 


P(P) 


P(P) 


HM pectin (0.5%) 

" <t -1 CtT"0» 


- (-) 


- (-) 


- (-) 


- (-) - (-) 


- (-) 


-(-) 


-(-) 



no change; "P", precipitate formation; "G", clear gel, "G/P", cloudy gel; Letter or sign 
in parentheses indicates the observations after keeping samples at 4 °C for 2 hr. 



Cooling at 4 °C increases precipitate formation. Nevertheless, with 0.1% HMW 
Aloe pectin, a clear gel was formed at 0.15 and 0.2 M NaCl. This gel was reversible, 
changing back to a solution when brought back to room temperature. This reversible 
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gelation could be performed over several times by changing between 4 °C and room 
temperature. Once changing back to the solution at room temperature, the preparation still 
gelled in-situ with the normal calf serum as described in Example 25. 

These observations indicate that the precipitate or gel formation is related to low 
DM and HMW, i.e., the lower the DM and the higher the molecular weight, the more prone 
a pectin is to precipitation by a salt. 

A marked difference was observed between NaCl and NH 4 C1; the concentration of 
NH 4 C1 required for precipitate formation was much higher than that with NaCl. A similar 
pectin concentration-dependent effect was also observed. See Table 7. With the 0.5% 
HMW Aloe pectin, precipitate occurred at 0.6 M at room temperature and 0.4 M at 4 °C. 

The precipitates were whitish and could be fine or large granule-like depending on 
the salt concentration. The precipitates were the finest at the cut-off point or the salt 
concentration at which precipitates first appeared. This is in fact one efficient way to make 
pectin fine particles that can be used for drug delivery. 



Table 7 











NH 4 C1 (M) 








0 


0.1 


0.15 


0.2 0.4 


0.6 


0.8 


1.0 


HMW AP 0.1% 


- (-) 


- (-) 


- (-) 


- (-) - (-) 


- (-) 


- (P) 


P(P) 


0.5% 


- (-) 


- (-) 


- (-) 


- (-) 


P(P) 


P(P) 


P(P) 










(G/P) 








LM pectin (0.5%) 


- (-) 


- (-) 


- (-) 


- (-) - (-) 


- (") 


- (-) 


- (-) 


HM pectin (0.5%) 

44 44 _1 CCTTk99 


- (-) 


- (-) 


- (-) 


- (-) - (-) 


- (-) 


- (-) 


- (-) 



no change; "P", precipitate formation; "G", clear gel, "G/P", cloudy gel; Letter or sign 
in parentheses indicates the observations after keeping samples at 4 °C for 2 hr. 



Beyond revealing the fundamental properties of different pectins, these 
observations indicate that for preparing a liquid formulation with HMW Aloe pectin at a 
physiological ionic strength or as an isotonic solution (as embodied by 0.9% (w/v) - 0.154 
M NaCl) an alternative to NaCl is needed if the formulation needs to be stored as a solution 
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at 4 °C and a pectin concentration > 1 mg/ml will be used, as might be envisioned for a 
liquid in-situ gelling formulation physiological ionic strength of an unstable active agent 
such as a protein, which would need to be stored in a refrigerator. Precipitation of some or 
all of the pectin from such solution on cold storage would be highly undesirable. 
One such alternative salt that can be used in such a formulation is NH 4 C1, particularly at its 
concentration for an isotonic solution (0.84% (w/v) or 0.157 M, which is also equivalent to 
0.154 M NaCl in ionic strength). At this concentration, NH 4 C1 also improves in-situ 
gelation of such liquid pectin-based pharmaceutical compositions. 

EXAMPLE 26 
In-situ gelation of Aloe pectin in the nasal cavity 
An 0.5% Aloe pectin solution was prepared in 10 mM NaH 2 P0 4 / Na 2 HP0 4 buffer, 
0.84% NH 4 C1, pH 7.4, with or without a protein (BSA). The liquid formulation was 
delivered intranasally by dropping directly onto the nares of mice following anesthesia by 
inhalation of metofane, 20 )nl/mouse evenly divided between the two nares. At 4 h post 
inoculation, mice were sacrificed and tissues were fixed in formalin. Serial cross sections 
were made of the nasal cavity starting anterior to the orbit of the eye. 

The gel was detected by staining tissue sections with toluidine blue and H&E. The 
toluidine blue revealed in-situ gel as a pinkish/purplish substance, whereas the H&E 
stained the gel pale pinkish (Figure 10). The gels were of various shapes and sizes, and 
could be found in various nasal cavity areas including those near the septum and middle 
and inferior concha. 

To determine the effect of Aloe pectin concentration, Aloe pectin solutions at 0.25 
or 0.5 % were delivered intranasally to 2 mice per concentration. Gel formation was 
examined microscopically 4 hours after delivery. The area of gels in each section was 
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measured by using ImageJ software (National Institute of Health) and expressed as mm 2 . 
The gel areas on cross sections at the same position were used as an indirect measurement 
of the relative amounts of gel present in the nasal cavity. Thus, the results showed that 
more and larger gels were detected in the nasal cavity with 0.5 % than 0.25%, suggesting 
that the amount of gel formed in the nasal cavity is polymer concentration-dependent. 

EXAMPLE 27 

Comparison with other pectins for in-situ gelation in the nasal cavity 

Various commercial LM pectins were used along with HMW Aloe pectins 
(Table 8). The commercial pectins, i.e., Genu pectins and polygalacturonic acid from 
Sigma Chemical Co., were used as purchased. One sample obtained by reprocessing Genu 
pectin LM12G was also used. It was dissolved in water, microfiltered, recovered by 
alcohol precipitation, and designated Genu pectin LM12G (R) after being dried under 
vacuum. The molecular weight of Genu pectin splendid type 100 was similar to other low 
molecular weight pectins (Table 8). Two different HMW Aloe pectin samples designated 
as A and B were used. 

All commercial pectin samples were prepared as a 2% (w/v) solution in water and 
were then diluted 1:1 with a 2 x saline solution (0.3 M NaCl). These commercial pectins 
produced a low pH when dissolved, i.e. 3-4. The pH of the solutions was adjusted to 6.5 
with NaOH. The HMW Aloe pectins were prepared as above with a final concentration of 
0.5 % (w/v) in 0.84% (w/v) NH 4 C1. The pH of HMW Aloe pectin solution was 5.5 -6.0 
and no pH adjustment was made. All samples were delivered intranasally to mice as 
above, 2 mice per sample. Gel formation was examined 4 hrs later as above. 
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Table 8 



Pectins 


DM 


MW 


Concentration 


Gel areas 






(DA x 10 s ) 


(%, w/v) 


(mm 2 ) 


Genu pectin LM12G 


31% 


NA 


1 


0.0075 


Genu pectin LM12G 

(R) 


31% 


<2.0 


1 


0.0015 


Genu pectin LM18G 


40% 


NA 


1 


none observed 


Genu pectin 
splendid type 1 00 


15% 


3.8 


1 


none observed 


Polygalacturonic 
acid, Sigma 
Chemical co 


<3% 


1.7 


1 


0.0023 


HMW AP (A) 


<10% ! 


>10 


0.5 


0.049 


HMW AP (B) 


<10% 


>10 


0.275 


0.051 



Two cross sections were made of the nasal cavity starting anterior to the orbit of the 
eye from each mouse. The gel area on the cross sections at the same position was used as 
5 an indirect measurement of the relative amounts of gel present in the nasal cavity. The 
total gel areas on all 4 sections from the two mice from each group was determined and 
divided by 4 to produce the average gel area per cross nasal section. The results showed 
that gels were detected with Genu pectin LM12G, Genu pectin LM12G (R), 
polygalacturonic acid, and HMW Aloe pectins, but no gel was detected with formulations 

10 employing the LM18G and Slendid Type 100 pectins, which are both pectins with low 

degrees of methylation and typical molecular weights. The areas of the gels detected with 
Genu LM12G and polygalacturonic acid were very limited or 6.5 to 33 fold smaller as 
compared to the gel areas measured for the formulation prepared from the HMW Aloe 
pectins, which were used at a concentration at least 2-fold lower concentrations(see 

15 Table 8). These results also illustrate the unexpectedly superior gellation properties of 
HMW aloe pectins, as compared to prior art pectins. 
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EXAMPLE 28 
Nasal residence time of the in-situ gel 

To determine the nasal residence time of in-situ gel, an HMW Aloe pectin solution 
(5 mg/ml) in 0.84% (w/v) NH 4 C1 was delivered intranasally and gel formation was 
examined at various time points using two mice per time point. The relative amounts of 
gel present were determined by measuring the gel areas on nasal cavity tissue sections as 
above. 

The results showed that gel was present in the nasal cavity through 24 h, but 
disappeared by 48 h (Table 9). Based on gel areas measured in the cross section of the 
nasal cavity, 50% clearance occurred at 24 h. Thus, the gel stayed in the nasal cavity 
between 24 and 48 h. 

Table 9 

_____ Hours 

1 4 8 24 48 

Presence of gel Yes Yes Yes Yes* No 

* At 24 h post intranasal delivery, the amount of gel in the nasal cavity was reduced by > 
50% as measured by gel areas in the cross section of the nasal cavity. 

EXAMPLE 29 

Increased immune response against DT-CRM and influenza antigens 
following intranasal delivery with liquid formulations to animals 

Antigens, animals and inoculation : Two antigens, DT-CRM (diphtheria toxin 
mutant CRM) and inactivated subvirion split influenza virus antigen (A/New 
Caledonia/20/99, H1N1), were used. Groups of 7 female 6-8 week old Balb/c mice were 
inoculated intranasally 2 or 3 times, 10 days apart with formulations consisting of antigen 
(0.5 mg/ml), HMW Aloe pectin (5 mg/ml for DT-CRM and 2.75 mg/ml for influenza), or a 
combination of both by dropping them directly onto the nostrils of mice (20 jil/mouse). 
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The antigen dose was 10 ^g/mouse. The antigen formulations were prepared in 0.84% 
NH 4 C1 and 10 mM phosphate buffer, pH 7.4 

Sample collection and ELISA : Blood and lung wash samples were collected two 
weeks after the last inoculation. Specific serum IgG (immunoglobulin G) and lung IgA 
(immunoglobulin A) were measured by indirect ELISA (Enzyme-linked immunosorbent 
assay). For influenza (Flu), recombinant HA (Hemoagglutinin) protein of A/New 
Caledonia/20/99 (H1N1) obtained from Protein Science Co. was also used as an antigen for 
detecting HA-specific response. The end point for IgG titer was determined as the 
reciprocal of the highest dilution that has an absorbance value 50% greater than the 
background (absorbance of the antigen-coated wells without serum added). Each lung 
wash was assayed for antigen-specific and total IgA in two separate ELISA protocols. The 
results were expressed as ng (specific)/|ng (total). To determine the level of antigen- 
specific IgA, the plates were coated with antigen and also serially diluted purified mouse 
IgA standard (1.0 to 0.002 ^ig/ml). The level of antigen-specific IgA was calculated from 
the standard curve generated with the absorbance values of the purified IgA standard. 
Total IgA was determined by a sandwich ELISA with purified mouse IgA as a standard. 

Mean IgG titers in serum and specific to total IgA ratios in lung wash along with 
their standard errors were determined for every group of mice. Means were compared 
using Student's t test. A serum sample having a titer > 10 or a lung wash sample having a 
specific/total IgA ratio 2 times higher than the control was considered a responded 
Results 

Strong serum IgG and lung IgA responses were only obtained when antigens were 
delivered with Aloe pectin. Minimal or no response was detected with antigen alone. 



75 

ATTORNEY DOCKET NO. 04137.0003U3 

DT-CRM : The serum IgG and lung IgA responses were significantly higher when 
antigen was combined with Aloe pectin than antigen given alone after either single or 
multiple inoculations. The peak response was detected at week 3 with Aloe pectin /DT- 
CRM after single inoculation. The response was also initiated faster with Aloe pectin /DT- 
CRM, detectable at week 2. 

After three inoculations, mice in the Aloe pectin/DT-CRM group had serum IgG 
and lung IgA titers that were significantly higher (50 or 100 times, respectively) than the 
DT-CRM alone group (Figures 11a and lib). In addition, all 7 mice in the Aloe 
pectin/DT-CRM group responded with both serum IgG and lung IgA, whereas only 4 of 7 
responded with serum IgG and 3 of 7 with lung IgA in the group given DT-CRM alone. 
No response was detected in the Aloe pectin alone group. 

Influenza l After two inoculations, mice receiving Aloe pectin /Flu antigen had 
significantly higher serum IgG (6 times) and lung IgA (60 times) titers than the group 
given the Flu antigen alone (Figures 11c and lid). For serum IgG, all 7 mice in both Aloe 
pectin /Flu antigen and Flu antigen alone groups responded. However, for lung IgA, 6 of 7 
responded in the Aloe pectin /Flu antigen group and only 1/7 in the Flu antigen alone 
group. No response was detected in the Aloe pectin alone group. 

The same results were also obtained when recombinant HA protein was used as the 
antigen in ELISA for measuring HA-specific IgG or IgA. 

EXAMPLE 30 

Use of pH to control gelation or precipitate formation of powder formulations 

There are many polymers that gel or form precipitate in response to a change in pH. 
For example, chitosan glutamate is soluble at a pH up to 6.5. But beyond pH 6.5, it 
becomes insoluble, forming precipitates or gel-like substance which can be used for 
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controlled drug delivery. Thus, a liquid drug formulation with chitosan is prepared at pH 
6.5 or lower and made into a dry powder using a method described above. Following 
delivery, these particles can be partially or completely dissolved due to its internal 
buffering capacity, although they may be hydrated by a bodily fluid or secretion having a 
pH of 7.0-7.4. In the case of intranasal delivery, however, the nasal fluids are acidic and 
can have a pH as low as 5.5 (England et al, Clinical Otolaryggology 24, 67-68, 1999; 
Ireson et aL, Clinical Science 100, 327-333, 2001). 

Thus, the formulation powder is then blended with an appropriate amount of buffer 
powder such as a phosphate buffer at pH 7.4. Upon delivery and hydration, the buffer 
agents will be quickly dissolved upon hydration, ensuring the local environment at pH 7.4 
and thereby keeping the formulation particles insoluble or insoluble for a longer period of 
time. 

Throughout this application, various publications and patents are referenced. The 
disclosures of these publications and patents are hereby incorporated by reference into this 
application in their entirety, for all purposes, especially for their teachings regarding 
formulation of pharmaceutical compositions. 

While the preferred compositions or formulations and methods have been disclosed, 
it will be apparent to those skilled in the art that numerous modifications and variations are 
possible in light of the above teaching. It should also be realized by those skilled in the art 
that such modifications and variations do not depart from the spirit and scope of the 
invention as set forth in the appended claims. 



